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we can start and stop almost anything 


When it comes to stopping modern high speed aircraft people in the Industry almost auto- 
matically think of B.B.A., because MINTEX brake linings are used on practically all British 
Aircraft. This supremacy, in the most exacting field of all, is the result of years of research 
and experimental work, the benefits of which are applied to the manufacture of all BBA 


friction materials. No wonder they say — ‘* When you've got to stop you can rely on MINTEX.” 


BRITISH BELTING AND ASBESTOS LIMITED 
CLECKHEATON, YORKSHIRE 


Spinners, weavers and manufacturers of Asbestos Yarns, Cloths, Tapes, 
Packings and Jointings. Manufacturers of Machinery Belting for Industry; B B 
Manufacturers of mintex brake and clutch linings and other friction materials. A 
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THE ROYAL AERONAUTICAL SOCIETY 


GRADUATE AND STUDENT SECTION 


March 1950. 


ANNUAL GENERAL MEETING 


The Annual General Meeting of the Section will be held at the offices of the 
Society, 4 Hamilton Place, London, W.1, on Friday, 24th March 1950, at 7 p.m. 


AGENDA 


(1) To consider the report of the Committee on the Section’s affairs during 
the previous year. 

(2) To make recommendations to Council on the names of the representatives 
of the Section to serve on the Committee for the following year. 

(3) To discuss the future activities of the Section. 

(4) To consider any other business connected with the affairs of the Section. 


DISCUSSION EVENING 


The attention of Graduates and Students is drawn to the meeting on Tuesday, 
18th April 1950, which will be a Discussion Evening on “The Training of 
Aeronautical Engineers ” and will be held in the Library of the Society at 7.30 p.m. 
The Chairman of the meeting will be Mr. Marcus Langley, F.R.Ae.S., and the 
discussion will be led by a panel of speakers representing the main sources of 
technical training. 

That such a meeting should be held is indicative of the interest and, in some 
quarters, concern, felt for the present system. Some of the problems to be 
considered are temporary, such as the entry of the graduate ex-Serviceman into the 
Industry. Under the present system, he has a handicap of up to six years compared 
with younger men and his responsibilities may be such that he is unwilling ‘to 
undertake a graduate apprenticeship. Other problems are associated with the 
development of theory as reflected by the revision of the Associate Fellowship 
Examination to its present form. The fundamental difficulty, however, of welding 
theoretical knowledge to a practical outlook, each with appropriate emphasis, 
remains. 

The yardstick by which the effectiveness of training should be measured is 
status in the Society. The grades of membership have been instituted as a measure 
of professional ability, of which that of Associate Fellow denotes a fully-trained 
and capable engineer and is recognised as such by the Industry. It is a qualification 
which embraces all forms of training and thus the fulfilment of its requirements 
should be the aim of the engineer’s education. The eaeeaeien is intended to cover 
the field of training to that grade. 


BASIC TRAINING 


There are three main approaches, each with its individual merits. 
(a) A university course leading to a degree, followed by a graduate 
apprenticeship. 

(b) Apprenticeship with part-time theoretical training at a technical college. 

(c) A course at a technical school attached to an aircraft firm. 

The differences between the three are chiefly of degree and not principle, 
since each encompasses the acquisition of theoretical knowledge and practical 
shops experience. 
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The university graduate may have taken either a science or engineering degree, 
In the former case his education is primarily concerned with the scientific basis 
of engineering, while in the latter he is schooled in the application of science to 
engineering problems. He then receives his shops training as a graduate apprentice. 
The points of controversy include the relative merits of either form of degree and 
at what stage practical shops training should be undertaken. There are advocates 
for shops training before a university course, after a university course, or even at an 
intermediate stage. 

The apprentice may have studied for an external degree in engineering or a 
Higher National Certificate, gaining theoretical and practical knowledge 
concurrently. The relative proportion of theory to practice varies with individual 
firms but usually the apprentice receives one or two days a week for studies. 

It is notable that course (a) normally occupies six years, i.e. four years at a 
university and two years’ graduate apprenticeship, whereas course (b) leads to 
ostensibly the same qualifications after five years. Thus the latter appears to 
have an advantage in that the apprentice is fitted sooner to enter a technical office 
and obtain experience in applying his knowledge. Furthermore, the apprenticeship 
system has traditionally proved its worth, albeit mainly in the older-established 
forms of engineering. To quote Mr. G. R. Edwards, F.R.Ae.S., from his paper, 
“Problems in the Development of a New Aeroplane,”* “The great value of 
apprentice schemes to produce real engineers cannot be over-emphasised.” 

The third approach, of which there are at least two examples in the Aircraft 
Industry, devotes rather more time to theory while practical and theoretical 
knowledge proceed apace. As a rule, the theoretical education is directed towards 
the examinations of the Society. 

A balanced view of these schemes has been given in the following quotation, 
again from Mr. Edwards’ paper :—“ The graduate when first entering the Industry 
has a wider theoretical knowledge than the apprentice, whereas the latter has a 
much greater practical experience. In the author’s opinion, a proper balance of 
the two types is far the best way of recruiting staff.” 


FURTHER TRAINING 


The student engineer in some instances may further his knowledge by studying 
for a higher degree, or by following a course such as those offered by the College 
of Aeronautics, Cranfield. The majority acquire greater knowledge of their 
profession from actual experience in one or other of the technical offices, ultimately 
attaining Associate Fellowship. In this period it is left to personal whims to decide 
the type of experience which will be most valuable and the question of specialisation 
arises. Should the junior technician devote his energies immediately and entirely 
to that branch, i.e. aerodynamics, stress, or drawing office, and so on, to which 
he feels most suited, or should he endeavour first to gain a working knowledge of 
each department over a number of years? 

The rapid development of theory and application, particularly in aerodynamics, 
makes the latter course difficult to follow in detail if the experience gained is to be 
of lasting value. Furthermore it is difficult to ensure that the junior technician 
shall keep abreast of modern developments unless a more positive system is 
introduced. Should the senior engineers give a stimulus in the form of periodic 
issues of notes to the technical offices on such points, or by lectures, as is believed 
to be the practice in one firm? 

The formulation of an ideal mode of training to cover all needs is probably 
impossible, save in the earlier stages, but there is a need for the investigation of 
present-day methods with a view to their improvement. The Discussion on 
18th April can be of great value in this respect if it is well supported by all members 
of the Society, so that all points of view can be heard and appreciated. 


* JOURNAL R.Ae.S., March 1949. 
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THE ROYAL AERONAUTICAL SOCIETY 


4 HAMILTON PLACE, PICCADILLY, LONDON, W.1. GROSVENOR 3515-9 


NOTICES | MARCH 1950 


CONTENTS OF MARCH JOURNAL 


A Review of Aerodynamic Cleanness, E. J. Richards, M.A., A.F.R.Ae.S. 

The Weight Aspect in Aircraft Design, L. W. Rosenthal, A.F.R.Ae.S., M.1.Ae.S. 

The Reduction in Weight of Structurally Important Aircraft Components by 
Controlled Cold-working During Manufacture, J. G. H. Brown, A.R.Ae.S. 

Review. 


Correspondence. 


THE AERONAUTICAL QUARTERLY 


Part IV of “The Aeronautical Quarterly” is now available and may be 
obtained from the offices of the Society, 4 Hamilton Place, W.1, at 7s. 9d. each 
to members of the Society, post paid, or 10s. 3d. each to non-members, post paid. 


Copies of Parts I, If and III are still available. 


The contents of Part IV are:— 


A Note on the Bending Moment Induced in the Booms 

of a Spar at the Point of Application of a Concentrated 

Strength of Aeroplanes in Relation to Repeated Loads D. Williams 
The Supersonic Flow Past a Slender Ducted Body of 

Revolution with an Annular Intake ts aes fest G. N. Ward 
The Steady Circulatory Flow about a Circular Cylinder 

with Uniformly Distributed Suction at the Surface... J. H. Preston 
Note on Control Reversal Effects on Swept-Back Wings W. H. Wittrick 


Reviews Index to Volume I 
The special attention of members is drawn to the fact that a strictly limited edition 


only of “ The Aeronautical Quarterly ” is printed and numbers cannot be reprinted 
in any circumstances. 


GARDEN PARTY, 14th MAY 1950 


The Society’s Annual Garden Party will be held on Sunday, 14th May 1950, 
at White Waltham Aerodrome, near Maidenhead, by kind permission of the 
Ministry of Supply and the Fairey Aviation Co. Ltd. Further particulars will be 
sent individually to members shortly. 


MEMBERS’ NEW APPOINTMENTS 
R. M. Cracknell, M.B.E., A.M.I.Mech.E., Associate Fellow—Engine Development 
Superintendent, British European Airways. 


B. Cornthwaite, Associate—Inspector of Accidents, New Zealand Government, 
Wellington. 


J. Hitchcock, B.Sc., F.I.M., Associate Fellow—Assistant Managing Director, 
Henry Wiggin and Co. Ltd. 


BADEN POWELL MEMORIAL PRIZE 


The Baden Powell Memorial Prize has been awarded to Mr. B. E. Boyce, 
who was considered by the Society’s Examiners to be the best student in the 
December 1949 Associate Fellowship Examination. 
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NOMINATION TO COUNCIL 
The following is an extract from the By-Laws :— 


a “The Twenty-one ordinary members (of Council) shali be nominated and 
i : elected from among the members of the Society. At the date of their election at 


least ten shall be Fellows, and one at least shall be in each of the following classes: 
Associate Fellow, Associate and Graduate. 

“Of the ordinary members of the Council, that number necessary to create 
seven vacancies shall retire annually. The retiring members shail be those with 
the longest service since their last election but they shall be eligible for re-election. 

“Nominations of candidates for election to the Council must be received by 
the Secretary not later than 10th April in each year and shall include statements 
in writing by the candidates that they are willing to serve. The nomination forms 
shall be signed by one proposer and two seconders, all of whom shall be Voters.” 


Nomination forms may be obtained on application to the Secretary. 


ELECTION OF FELLOWS 

: The attention of members is drawn to the following extract from the 
By-Laws : — 

: “Elections to Fellowship will be made annually by the Council and will be 


announced at the Annual General Meeting of the Society. Nominations will be 
. initiated by the members of the Council or by any four Fellows of the Society. It 
7 is the duty of the Council to see that the honour is awarded only to persons who 
ey have attained a considerable degree of technical eminence in the profession of 
aeronautics.” 


7 yg Nominations initiated by any four Fellows of the Society should be received 
= by the Secretary on or before 15th April 1950 to give sufficient time for the Council 
* to consider them in time for announcement at the Annual General Meeting in May. 


METEOROLOGICAL EXHIBITION 

= Members of the Royal Aeronautical Society are invited by the Director of the 
-. Science Museum to attend the Private View of an exhibition entitled “The Science 
of Weather ” which is being held from 28th March to 26th June 1950 in connection 
with the Centenary of the Royal Metecrological Society. 


; Admission to the Private View, which will be on Monday, 27th March, will 
: be by ticket only. Applications for tickets should be addressed to the Director 
: and Secretary, Science Museum. Exhibition Road, London, S.W.7, and must be 


received at the Science Museum before Wednesday, 22nd March 1950. 


ROYAL METEOROLOGICAL SOCIETY 


a The Centenary Celebrations of the Royal Meteorological Society will be 
held from 28th March to 3rd April 1950. The programme includes a number of 
Scientific symposia at Oxford and a Centenary Meeting and Dinner in London. 
Details of the arrangements for the celebrations and a Centenary Handbook 
containing the complete programme, may be obtained from the Secretary, the 
Royal Meteorological Society, 49 Cromwell Road, London, S.W.7. 


ILLUMINATING ENGINEERING SOCIETY LECTURE 

A lecture on “Visual Aids for Landing in Bad Visibility with Particular 
Reference to the Transition from Instrument to Visual Flight” is to be read by 
Mr. E. S. Calvert, of the Royal Aircraft Establishment, before the Illuminating 
Engineering Society on Tuesday, 11th April 1950. 

The Illuminating Engineering Society wili welcome any members of the Royal 
Aeronautical Society who care to attend the lecture, which is to be given at the 
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Lighting Service Bureau, 2 Savoy Hill, W.C.2, at 6 p.m. Preprints of the lecture 
will be available from the Illuminating Engineering Society. 


LECTURES—SPRING 1950 
MAIN LECTURES 


' (At 6 p.m. at the Institution of Civil Engineers, Great George Street, S.W.1, unless 


otherwise stated. Tea will be served at 5.30 p.m.) 


Thursday, 16th March 1950—Air Survey, the Application of Modern Techniques 
to Surveying and Mapping, by Prof. C. A. Hart, D.Sc.(Eng.), Ph.D., 
M.Inst.C.E., F.R.LC.S. 


Thursday, 30th March 1950—Modern Methods of Testing Aero-Engines and 
Power Plants, A. C. Lovesey, O.B.E., B.Sc., F.R.Ae.S. 


Thursday, 13th April 1950—The Berlin Air Lift, Air Commodore J. W. F. 
Merer, C.B. 


Thursday, 27th April 1950—AT MANCHESTER—Recent Developments in High 
Speed Research in the Aerodynamics Division of the N.P.L., J. A. Beavan, 
M.A.(Cantab), A.F.R.Ae.S., and D. W. Holder, D.I-C., A.C.G.I., B.Sc.—at the 
Chemistry Lecture Theatre, Manchester University, at 6.30 p.m. 


Thursday, 4th May 1950—3rd LOUIS BLERIOT LECTURE—IN PARIS, Sir 
Frederick Handley Page, C.B.E., F.1.Ae.S., Hon.F:R.Ae.S. 


Thursday, 25th May 1950—38th WILBUR WRIGHT MEMORIAL LECTURE, 
Sir Richard Fairey, M.B.E., F.R.Ae.S. 


SECTION LECTURES 
(At 7 p.m. in the Library, 4 Hamilton Place, London, W.1, unless otherwise stated.) 


Tuesday, 21st March 1950—Boundary Layer at High Speeds, A. D. Young, M.A., 
A.F.R.Ae.S. 


Tuesday, 25th April 1950—Flight Refuelling and the Problem of Range, C. H. 
Latimer Needham, M.Sc., F.R.Ae.S. 


GRADUATE AND STUDENT SECTION 


Tuesday, 28th March 1950—Undercarriage Design and Testing, G. S. Cranwell, 
Grad.R.Ae.S. 


Tuesday, 18th April 1950—A Discussion Evening on The Training of Aero- 
nautical Engineers. Chairman: Marcus Langley, F.R.Ae.S. All members 
of the Society are particularly invited to take part in this discussion. 


Meetings are held in the Library, 4 Hamilton Place, W.1, at 7.30 p.m., unless 
otherwise stated. 


BRANCH LECTURES 
BELFAST BRANCH 


Tuesday, 14th March 1950—Problems of High Speed Flight, H. Davies, M.Sc., 
F.R.AeS. 


Tuesday, 4th April 1950—Annual General Meeting. 
In the Central Hall, College of Technology, Belfast, at 7 p.m. 


BIRMINGHAM BRANCH 
Friday, 31st March 1950—President’s Night, Dr. S. C. Redshaw, F.R.Ae.S. 
Friday, 21st April 1950—Annual General Meeting and Smoking Concert— 


at the White Horse Hotel. 
Meetings are usually held at the Birmingham Chamber of Commerce at 7.15 p.m. 
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BRISTOL BRANCH 
Monday, 13th March 1950—Junior Members’ Papers Competition. 
Monday, 27th March 1950—Gliding, A. H. Yates, Esq., B.Sc., A.F.R.Ae.S. 
Wednesday, 5th April 1950—Recent Developments in Aircraft Production and 
Engineering, Protessor J. V. Connolly, B.E., A.F.R.Ae.S. 


Monday, 24th April 1950—Annual General Meeting and Film Show. 
In the Conference Room, Bristol Aeroplane Co. Ltd., Filton House, at 6 p.m. 


BROUGH BRANCH 
Wednesday, Sth April 1950—Design Problems of the Flying Boat, H. Knowler, 
F.R.Ae.S., A.M.I.C.E. 
In the Lecture Hall, Electricity Showrooms, Ferensway, Hull, at 7.30 p.m. 
Admission by ticket only, because of limited accommodation. 


COVENTRY BRANCH 
Wednesday, 15th March 1950—Flying Boats, H. Knowler, F.R.Ae.S., A.M.I.C.E. 


Wednesday, 19th April 1950—Annual General Meeting and Films. 
In the Trinity Hall, Ford Street (near Pool Meadow) at 7.30 p.m. Membership 
cards must be shown at all lectures. 


DERBY BRANCH 
Monday, 3rd April 1950—Modern Methods of Testing Aero-Engines and Power 
Plants, A. C. Lovesey, O.B.E., B.Sc., F.R.Ae.S. 
In the Welfare Hall, Rolls-Royce Ltd., at 6 p.m. 


GLASGOW BRANCH 


Thursday, 23rd March 1950—Fuel Consumption, J. Leggatt, Student R.Ae.S. 
At the St. Enoch Hotel, Glasgow, at 7.30 p.m. 


GLOUCESTER AND CHELTENHAM BRANCH 

Wednesday, 29th March 1950—at Gloucester—Materials of Aircraft Construction 
and Material Processing, Dr. H. Sutton, D.Sc., F.R.Ae.S., F.1.M. 

Thursday, 20th April 1950—at Cheltenham—Annual General Meeting. 
Gloucester Meetings (Wednesdays) are held in the Wheatstone Hall, City Library, 
Brunswick Road, at 7.30 p.m. 
Cheltenham Meetings (Thursdays) are held in the Empire Hall, North 
Street, at 7.30 p.m. 


ISLE OF WIGHT BRANCH 
Thursday, 9th March 1950—High Speed Research, J. D. Derry. 


Thursday, 23rd March 1950—The Application of Propeller-Turbines to Civil 
Air Liners, E. J. Richards, M.A., A.F.R.Ae.S. 


In the Saunders-Roe Sports and Social Club at 6 p.m. 


MANCHESTER BRANCH 
Wednesday, 22nd March 1950—Accident Investigation, Air Commodore Vernon 
S. Brown, C.B., O.B.E., M.A., F.R.Ae.S. 
In the Reynolds Hall, College of Technology, unless otherwise stated. 


PORTSMOUTH BRANCH 
Friday, 10th March 1950—Design Problems of Large Flying Boats, H. Knowler, 
F.R.Ae.S., A.M.LC.E. 
Friday, 21st April 1950—The Probable Role and Influence of Aircraft in Future 
Warfare, Air Marshal Sir Robert Saundby, K.B.E., C.B., M.C., D.F.C., A.F.C. 
In the Lecture Room, Central Library, at 7 p.m. 
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PRESTON BRANCH 


Wednesday, 15th March 1950—Lecturettes. Branch Members. 
Wednesday, 26th April 1950—Annual General Meeting. 
At the Assembly Hall of the Technical College, Corporation Street, at 7.30 p.m. 


READING AND DISTRICT BRANCH 
Wednesday, 12th April 1950—Flying Boats, H. Knowler, F.R.Ae.S., A.M.LC.E. 
At the Abbey Gateway Rooms at 7.30 p.m. 


WEYBRIDGE BRANCH 
Wednesday, 22nd March 1950—Junior Prize Lecture, Branch Members. 
Wednesday, 31st May 1950—Annual General Meeting. 


At Vickers-Armstrongs Ltd., Weybridge Works, at 6 p.m., unless previous notice 
is given. 


ASSOCIATE FELLOWSHIP EXAMINATION RESULTS 
The following were successful in the Associate Fellowship Examinations held 
in December 1949 :— 


HOME 


G. E. L. Abbott, Aircraft Materials; F. R. Aiway, Theory of Machines; J. J. 
Ansell, Strength of Materials; J. Aretz, Strength of Materials, Theory of Machines. 

C. R. Pratt-Barlow, Strength of Materials; J. C. Barrett. Aerodynamics; W. A. 
Beedie, Theory of I.C. Engines, Aircraft Instruments; P. P. Benham, Theory of 
Machines; D. Biltcliffe, Aircraft Materials; A. A. Blythe, Design (Aircraft); R. A. 
Blythe, Aircraft Materials; G. Bond, Aircraft Instruments; S. F. Borrie, Pure 
Mathematics, Design (Aircraft); B. E. Boyce, Applied Mathematics, Theory of I.C. 
Engines, Theory of Machines; C. R. Broughton, Pure Mathematics; D. W. Bryer, 
Aerodynamics; J. Bunting, Strength of Materials: D. M. Burke, Aircraft Materials: 
W. Burley, Aerodynamics; B. Buss, Theory of Machines, Design (Aircraft). 

J. A. Caister, Pure Mathematics; H. K. Cartwright, Meteorology—Ist Place; 
J. C. Chaplin, Pure Mathematics, Aerodynamics—Ist Place, Design (Aircraft)— 
Ist Place; D. G. Clark, Pure Mathematics, Design (Aircraft); C. E. Clinch, Applied 
Mathematics; W. E. Coe, Aerodynamics; P. J. Colbourne, Applied Mathematics; 
L. F. Compton, Applied Mathematics, Theory of Machines, Aircraft Instruments— 
Ist Place; J. E. Cresswell, Pure Mathematics; G. St. Q. Crockett, Strength of 
Materials; R. H. Cross, Pure Mathematics, Theory of Machines. 

I. J. Davies, Strength of Materials; G. P. Dollimore, Pure Mathematics, Design 
(Aircraft); P. C. Donovan, Strength of Materials. 

R. W. Edwards, Theory of I.C. Engines, Theory of Machines; P. P. Elliott, 
Aerodynamics. 

T. M.. Fitz-Gibbon, Design (Aircraft); E. Fryer, Theory of LC. 
Engines, Design (Aero Engines); R. A. Fuller, Applied Mathematics, Theory of Be 
I.C. Engines—Ist Place, Design (Aero Engines). 

J. R. Gardiner, Applied Mathematics, Theory of Machines, Aircraft Materials; 
N. Ghose, Strength of Materials; B. M. Goldsmith, Strength of Materials, Aircraft 
Materials; F. Gowens, Theory of I.-C. Engines, Theory of Machines; A. W. Gray, 
Theory of ILC. Engines, Design (Aero Engines); G. K. F. Green, Strength of 
Materials; J. R. Green, Applied Mathematics, Theory of I.C. Engines, Theory of 
Machines; E. A. Greenwood, Applied Mathematics—Ist Place, Theory of Machines; 
B. J. Griffin, Applied Mathematics, Theory of I.C. Engines, Theory of Machines— 
Ist Place; J. Grigor, Applied Mathematics, Theory of IC. Engines, Theory of 
Machines; J. Grossman, Theory of I.C. Engines. 

R. H. Hadcock, Pure Mathematics; §. D. Hall, Theory of Machines; L. H. W. 
Harris, Aerodynamics; J. T. Hawken, Theory of Machines; T. H. J. Heffernan, 
Aerodynamics; R. D. Hillary, Applied Mathematics, Theory of I-C. Engines, 
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Theory of Machines; K. G. Hodson, Pure Mathematics; D. H. Hughes, Design 
(Aero Engines); P. L. Hughes, Applied Mathematics, Theory of I.-C. Engines, 
Theory of Machines; J. H. Hurford, Theory of I.-C. Engines. 

F. Jackson, Theory of Machines; W. R. A. James, Applied Mathematics, 
Theory of I.C. Engines, Theory of Machines; R. B. D. Jansen, Applied Mathematics, 
Theory of I.-C. Engines, Theory of Machines; C. H. Johns, Pure Mathematics, 
Strength of Materials, Design (Aircraft); F/Lt. F. A. Johnson, Design (Aircraft), 

D. K. Kapur, Theory of I.-C. Engines, Theory of Machines; R. N. Kashyap, 
Design (Aircraft); W. J. Kenyon, Pure Mathematics, M. Kishor, Meteorology; 
R. G. Knight, Applied Mathematics; J. Koslowski, Applied Mathematics, Theory 
of Machines. 

R. H. Ladd, Applied Mathematics, Theory of Machines; J. A. B. Lambert, 
Strength of Materials, Aerodynamics; B. Landi, Pure Mathematics; C. D. Langley, 
Aerodynamics; J. H. Lewendon, Applied Mathematics, Theory of Machines; J. Lie, 
Theory of I.C. Engines, Theory of Machines, Air Transport; D. J. Lincoln, Applied 
Mathematics, Theory of IC. Engines, Theory of Machines; J. J. Lindsay, 
Aerodynamics, Design (Aircraft). 

J. E. Mack, Strength of Materials; K. J. Mackenzie, Theory of I.C. Engines; 
P. McLaughlin, Aircraft Materials; W. McPherson, Theory of Machines; C. H. 
Martin, Strength of Materials, Design (Aircraft); G. E. Martin, Pure Mathematics; 
D. T. A. Miller, Applied Mathematics, Theory of I.C. Engines, Theory of Machines; 
A. J. L. Mitchell, Theory of IC. Engines, Design (Aero Engines); J. L. Mort, 
Strength of Materials; K. K. Mukerjee, Theory of I.-C. Engines, Theory of Machines; 
R. P. Murdoch, Pure Mathematics, Aerodynamics. 

J. Nash, Applied Mathematics; T. W. Nicholls, Applied Mathematics, Theory 
of I.C. Engines, Theory of Machines. ~ 

T. O’Brien, Theory of I.C. Engines, Aircraft Materials; A. M. G. Olsen, 
Theory of IC. Engines, Theory of Machines; B. O'Reilly, Aircraft Materials; 
J. L. O’Reilly, Theory of LC. Engines, Design (Aero Engines); R. T. P. O'Shea, 
Aircraft Materials. 

J. A. Padilla, Design (Aircraft); P. R. Philpot, Strength of Materials; E. P. 
Potter, Applied Mathematics, Theory of I.C. Engines, Thecry of Machines; R. G. 
Prasad, Pure Mathematics; J. Pratt, Theory of I.-C. Engines, Theory of Machines; 
W. H. Pritchard, Applied Mathematics, Theory of Machines; F. J. B. Purchase, 
Applied Mathematics, Theory of Machines. 

J. M. Ramsden, Aerodynamics; S$. Ranjan, Pure Mathematics; D. Reaney, 
Applied Mathematics, Theory of I.C. Engines, Theory of Machines; D. Reeves, 
Applied Mathematics, Theory of I.C. Engines, Theory of Machines; G. Reynard, 
Pure Mathematics, Theory of I.C. Engines; N. W Ridgway, Aircraft Materials— 
Ist Place; J. M. Roberts, Pure Mathematics, Strength of Materials; K. M. Roche, 
Theory of I.C. Engines; S. T. Roed, Aerodynamics; H. N. Roy, Theory of 
Machines. 

Mohamed Saeed, Applied Mathematics, Theory of I.C. Engines, Theory of 
Machines; A. J. Salmon, Theory of I.C. Engines, Design (Aero Engines)—I1st Place 
—Tie; R. L. Samuels, Applied Mathematics, Theory of I.C. Engines; S. R. Sarrailhe, 
Pure Mathematics, Strength of Materials, Theory of Machines; R. Schoenberg, 
Applied Mathematics, Theory of I.C. Engines, Theory of Machines; R. L. Secker, 
Aerodynamics, Aircraft Materials; E. G. F. Da Silva, Applied Mathematics, Theory 
of I.C. Engines, Theory of Machines; K. M. Smith, Applied Mathematics, Aircraft 
Materials; F. M. Soonawalla, Pure Mathematics, Theory of I.C. Engines; M. E. L. 
Spanyol, Aerodynamics; J. P. Spillane, Design (Aero Engines); J. M. Spong, Theory 
of I.C. Engines; G. N. Srivastava, Theory of LC. Engines, G. C. Sugden, Theory 
of I.C. Engines; I. A. Syed, Pure Mathematics. 

C. E. Tharratt, Theory of I.C. Engines; J. M. Thurston, Theory of I.C. Engines, 
Design (Aero Engines). 

R. W. Usher, Applied Mathematics, Theory of Machines. 
E. Vezyriandis, Applied Mathematics, Theory of Machines. 


NOTICES 


J. G. Wakeford, Theory of Machines; J. Walker, Applied Mathematics, Theory 
of Machines, Theory of I.C. Engines; W. Warhaftig, Applied Mathematics, D. W. 
Warne, Theory of I.C. Engines, Design (Aero Engines); J. B. Wellingham, Theory 
of Machines, Wireless Telegraphy; C. R. J. Whitfield, Theory of L-C. Engines, 
Theory of Machines; R. J. Wickens, Pure Mathematics; C. W. Williamson, Aircraft 
Materials; A. Winyard, Theory of Machines; P. A. Woolf, Theory of Machines; 
J. Wyatt, Design (Aircraft). . 


NEW SYLLABUS 


F. C. Hanbury, Theory of Prime Movers and Fuels; B. M. Laven, Properties 
of Matter, Heat, Light and Sound. 


ABROAD 


The following candidates were successful in the December 1949 Examinations 
held abroad :— 


C. G. Andrews (Wellington), Aerodynamics. 

R. N. Banerjee (Aligarh), Theory of Machines; S. R. Bhattacharya (Calcutta), 
Design (Aero Engines); W. J. Bouma (Amsterdam), Applied Mathematics, 
Aerodynamics. 

P. C. Gassin (Calcutta), Theory of Machines; B. K. Ghosh (Jodhpur), Pure 
Mathematics—Ist Place, Theory of I.C. Engines, Navigation—Ist Place; R. S. 
Gopalachar (Bangalore), Design (Aircraft). 

S. V. Karandikar (Bombay), Aircraft Instruments; F/Lt. V. Kumar (Kanpur), 
Theory of Machines, Air Transport. 

E. H. Law (Auckland), Strength of Materials, Aircraft Materials; Sgi. P. Long, 
Design (Aero Engines). 

Lt. (E) A. J. Macdonald, Theory of Machines; J. McDonald (Sydney), Pure 
Mathematics, Aerodynamics, Navigation; J. N. Mathur (Bombay), Theory of 
I.C. Engines. 

C. P. L. Nicholson (Ottawa), Theory of I.C. Engines. 

A/A. F. A. A. Palmer, Design (Aero Engines)—Ist Place—Tie; C. S. Patro 
(Bangalore), Pure Mathematics; K. C. Pradhan (Gwalior), Pure Mathematics. 

W. Raj (East Punjab), Theory of I.C. Engines; C. Rajagopal (Bangalore), 
Aerodynamics, Design (Aircraft); J. Rosenthal (Melbourne), Theory of Machines; 
G. H. Ryning (Toronto), Aircraft Materials. 

B. Singh (Nagpur), Air Transport; P. Singh (Kanpur), Design (Aero Engines), 
L. P. Sinha (Allahabad), Design (Aero Engines); F/Sgt. N. V. Slatter, Theory of: 
I.C. Engines, Design (Aero Engines). 

L. G. Thomas (Calgary), Aircraft Materials; L. M. Treleman (Toronto), 
Strength of Materials. 

S. Zafar (Allahabad), Theory of I.C. Engines. 


LAPEL BADGES 

Lapel badges are still available to members at 3s. 6d. each, including postage. 
These badges are gilt enamel with a screw back and are ? inch in diameter. 
Remittances should be sent, with applications, to the Secretary at the Offices of 
the Society. 


JOURNAL BINDING 
The new prices of binding of Journals is as follows :— : 
1949 Volume (including packing and postage), 15s. 6d. 
Previous Volumes (including packing and postage), 17s. Od. 
Journals should be sent direct to the Lewes Press, Friars Walk, Lewes, Sussex, 
and the remittance to the Secretary at the offices of the Society. 
Cases only for unbound 1949 Volumes are available, price 6s. 6d. each. 
Requests for cases, with remittances, should be sent to the Secretary at the offices 
of the Society. 
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NOTICES 


ANNUAL SUBSCRIPTIONS 


Members are reminded that their annual subscriptions became due on 
ist January 1950. The rates are: — 


HOME ABROAD 

Fellows ee 5 50 4 4 0 
Associate Fellows 440 3 
* Associates 3 © 
Graduates (aged under 26) 2. 2 0 2 2° 0 
Graduates (aged 26 and over) ... 232 6 242 6 
Students (aged under 21) 
Students (aged 21 and over) °... 17 6 111 6 
Companions 3 33 0 
Founder Members 229 


* Any Associate elected before Ist October 1947 may, if he wishes, elect not to 
receive the Journal, and in this case his subscription will be reduced by £1 Is. Od. 
to £2 2s. Od. 

It will avoid delay and confusion if members, when sending remittances for 
subscriptions, will state their names clearly and give their addresses and grades of 
membership. 

Remittances should be made payable to the Royal Aeronautical Society. 


CHANGE OF ADDRESS 
To assist in keeping the records of members correct and up to date the Secretary 
will be glad if all members will notify him as soon as possible of changes of address. 
When notifying changes please give the following particulars : — 
Name (in block letters). 
Grade of membership. 
New address (in block letters). 
Old address. 
Changes of address must be received before the 15th of the month in order to 
be effective for the Journal for the following month. 


ELECTIONS 
The following is a list of new members and transfers of membership of the 
Society : — 


Associate Fellows 

Ian Hammond Blick (from Graduate), Frederick Brian Butler (from Graduate), 
Edward James Buxton, Alan Edmund Clarke (from Graduate), Victor Wiiliam 
George Curtis, Thomas Geoffrey Daish (from Companion), John Francis Dooley 
(from Graduate), David Hallowell Earle (from Student), Alexander Greer, Reginald 
Ronald Hanson, Arthur Marchall Harris, Cecii Henry Jones (from Graduate), 
Robert John Jupe (from Graduate), Leonard Ferguson Kenna (from Graduate), 
William Henry Morgan, William Joseph Francis Moschini, John Shirley Naylor 
(from Student), David Lawrie Raffle, John Eric Rhodes (from Graduate), John 
Kenneth Robinson (from Student), Robert Trevor Shields, John Raymond Stevens 
(from Graduate), Icko Szloma Tenenbaum, John Graham Walker (from Graduate), 
Raymond Archibald Watts (from Graduate), Robert Charles Webb, Douglas 
Charles Williams. 


Associates 
John Bamford, Kenneth Victor Bonney, Eric Latham Beverley, Francis Holley 
Burnett, Geoffrey John Wraighte Clark, William Essex Devonald, Cornelius Durham 
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Garbutt, Albert Henry Jane, Joseph Wilton Johnson, David Charles Lambert Lovell 
(from Student), Russell Paul Manning, Patrick Kavanagh Relton, John Alexander 
Gwynne Tucker, Clifford Reed Wills. 


Graduates 


David William Allen, Royston Jeffries Allen, Robert Henry Watson Annenberg 
(from Student), Austin Barltrop (from Student), Greville Gordon Beale, Edgar 
Bendor, Sidney Thomas Blakemore, Anthony Robert Southby Bramwell, Earl Francis 
William Brown (from Student), Jack Toynbee Burr, John Byrne, Geoffrey Samuel 
Canetti, Ruthven Lamble Carstairs, Eric John Catchpole (from Student), William 
Alfred Caws (from Student)), John Anthony Dunsby (from Student), George 
Emerick, Cyril Robert Fletcher, Norman Keith Ayliffe Gardner (from Student), 
Cyril Aubrey Glew (from Student), Hugh Arthur Goldsmith, Leonard Hagger, 
John Martin Hare, Henry Hok-Yong Wong, Victor Hollingworth, Norman Horwood, 
Derek Howarth (from Student), James Michael Howe (from Student), Joseph 
Howieson, David George Hurley, Charles Edgar Probert Jackson, Windham Morgan 
John, John Brodie Bowman Johnston (from Student), Richard Stanton Jones, Derek 
Howard Jubb, Jaan Alfred Laurmann, Ian Colin Morton, Peter Jack Palmer 
(ex-Student), Clarence Herbert Perry, Wilfred George Paskins, Eric Richardson, 
Ernest George Henry Rowland, Keith Anthony Rowland, John Ronald Sharp, 
Neville Anthony Donald Sharvell, Richard George Spencer (from Student), 
Christopher Staffurth (from Student), lan Hilary Steels (from Student), Louis John 
Stephenson (from Student), Clarence Stewart (from Student), Alan James Troughton 
(from Student), Barry Arthur Tyler, Reginald Utting, David Noel Vincent, Keith 
Claude Walker, James Henry Wilson (from Student), Reginald William Winch. 


Students 


Arthur Robert Chandler, Kenneth Ernest Currey, Hugh Oliver Ficld, Peter 
Robert Guyett, Ronald Wheeler Harrison, Eric Leonard Hassell, Graham Hills, 
Ronald Ian Hodder, Solomon Kehela, Geoffrey Francis Langdon, Philip Reed 
Miller, Malcomb Christison Muir, David Nowell, Peter Frederick Orchard, Thomas 
James Patrick, John Pickles, John Dennis Poole, Geoffrey Norman Thayne, Geoffrey 
Edmund Salt, Stanley Joseph Sealey, Michael George Simpson, George Barclay 
Scott, Kenneth Edmund Southwood, Ronald Wilks. 


Companions 
Francis Arthur Butters. 


ACKNOWLEDGMENTS 


The Council acknowledges with grateful thanks the gift of a large number 
of valuable books for the Library from Sir A. H. Roy Fedden, Fellow, Past 
President. They also acknowledge with thanks the gift of books from H. V. 
Stopes-Roe, Esq., and from J. W. Dobson, Esq., Associate; books and JOURNALS 
from B. Cornthwaite, Esq., Associate Fellow; and the return of back numbers of the 
JournaL from A. Ryan, Esq., Associate Fellow, and the Association of Special 
Libraries and Information Bureaux. 


ADDITIONS TO THE LIBRARY 
Pamphlets in italics. Books marked *.or ** may not be taken out on loan. 


Theory of Wing Sections. I. H. Abbott and A. E. von Doenhoff. McGraw Hill. 
1949, 


Principles of Aerodynamics. J. H. Dwinnell. McGraw Hill. 1949. 


Thermodynamics Applied to Heat Engines. E. H. Lewitt. 4th Edition. 
Pitmans. 1950. 


Introduction to Heat Transfer. M. Fishenden and O. Saunders. Oxford University 
Press. 1950. 
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Lecons sur les Instruments de Bord et les Equipements divers. Tomes I and Ii. 
G. Robert. Hermann et Cie, Paris. 1949. 


Development of Aircraft Engines. Robert Schlaifer—And—Development of 
Aviation Fuels. §. D. Heron. Harvard Business School. 1950. 

Gas Turbines and Jet Propulsion. G. G. Smith. Sth Edition. Iliffe and Sons. 
1950. 


Developments in the Utilisation of Engine Fuels and Lubricants, F. L. Garton. 
Shell Petroleum Co. Ltd., 1949. 


Metallurgical Study of German Aircraft Engine and Airframe Parts. Part Il. 
E. A. Otto (Editor). Kennedy Press. 1948. 


Resistance of Materials Laboratory Manual. University of Illinois. 1949. 

The Story of Magnesium. W.H. Gross. American Society of Metals. 1949. 

Applied Mathematics for Engineers and Physicists. L. A. Pipes. McGraw Hill. 
1946. 

Analysis of Temperature, Pressure and Density of the Atmosphere Extending to 
Extreme Altitudes. G. Grimminger. Rand Corporation. 1948. 

Rapid Navigation Tables. W. Myerscough and W. Hamilton. 2nd Edition. 
Pitmans. 1950. 

*Proceedings of the 7th Internationai Conference for Applied Mechanics. Congress 
Committee. 1948. 

Royal Air Force in the World War. Vol. III. Capt. N. Macmillan. Harrop. 
1949. 

General Kenney Reports: A Personal History of the Pacific War. George G. 
Kenney. Duell, Sloan and Pearce. 1949. 

Six Friends Arrive Tonight. G. Sadi-Kirschen. Nicholson and Watson. 1947. 


N.A.C.A. Technical Notes 


1964—Method for determining the frequency-response characteristics of an 
element or system from the system transient output response to a known input 
function. J. H. Curfman, Jnr., and R. A. Gardiner. 


1965—Two matrix methods for calculating forcing functions from known 
responses. M. Mazelsky and F. W. Diederich. 


1969—Comparative drag measurements at transonic speeds of rectangular and 
sweptback NACA 65-009 airfoils mounted on a freely falling body. C. W. 
Mathews and J. R. Thompson. 


1970—Methods of designing cascade blades with prescribed velocity distributions 
in compressible potential flows. G. R. Costello. 


1971—Plastic buckling of extruded composite sections in compression. E. Z. 
Stowell and R. A. Pride. 


1972—Critical shear stress of a curved rectangular panel with a central stiffener. 
M. Stein and D. J. Yaeger. 


1973—Theoretical spanwise lift distributions of low-aspect-ratio wings at speeds 
below and above the speed of sound. D.W. Diederich and M. Zlotnick. 


1974—Effect of open circular holes on tensile strength and elongation of sheet 
specimens of some aluminum alloys. H.N. Hill and R. S. Barker. 


1975—Experimental investigation of temperature recovery factors on bodies of 
revolution at supersonic speeds. W. R. Wimbrow. 

1976—Summary of information relating to gust loads on aeroplanes. P. Donely. 

1977—Summary of the theoretical lift, damping-in-roll, and centre-of-pressure 
characteristics of various wing plan forms at supersonic speeds. O. R. Piland. 
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1978—Data on the compressive strength of 75S-T6 aluminum-alloy flat panels 
having small, thin, widely spaced, longitudinal extruded z-section stiffeners. 
W. A. Hickman and N. F. Dow. 


1980—Effect of forebody warp and increase in afterbody length on the hydro- 
dynamis qualities of a flying-boat hull of high length-beam ratio. W. J. Kapyran. 


1985—Elastic buckling of outstanding flanges clamped at one edge and reinforced 
by bulbs at other edge. S. Goodman. 
A.R.C. Reports and Memoranda 
2318—On the integrating comb method as applied to profile drag results in the 
compressed air tunnel. D. H. Williams. 


Nationaal Luchtvaartlaboratorium, Amsterdam 
S.364—Literatuurstudie over sandwichconstructies IV. F. J. Plantema. 


J. LAURENCE PRITCHARD, 
Secretary. 


Tne Lewes Press (Wightman & Co. Ltd.), Friars Walk, Lewes, Sussex. 
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The Power Plant 


of the Percival Prince 


Alvis Leonides nine-cylinder, radial engines of 525/550 b.h.p., power 
the Percival Prince, the first aircraft in the world in its class to be 
granted a normal category Certificate of Airworthiness in full com- 


pliance with I.C.A.O. Transport Category ‘A’ Airworthiness Standards. 


ALVIS 


ALVIS LIMITED - COVENTRY - ENGLAND 


Telephone: Coventry §§01 
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FLIGHT Aviation’s branches are 

today so numerous that 
the specialist who has to keep fully 
in touch with other people’s progress 
must have up-to-the-minute infor- 
mation on every phase of technical 
research, development, equipment 
and operation. He will find it each 
week in FLIGHT— reliable, critically 
annotated and well illus- 
trated news of the world’s 
military, commercial and 
Private aviation activities. 

Thursdays 1s. 

Annual subscription £3 1s. 


THE WORLD'S LEADING AIRCRAFT JOURNALS 


WORLD-WIDE AUTHORITIES 


ON EVERY ASPECT OF AVIATION—CIVIL AND MILITARY 


SSOCIATED 


ILIFFE 


PUBLICATIONS 


AIRCRAFT PRODUCTION 


In aircraft manufacture, as in design, 
the demands made upon the engineer 
are severe and often unprecedented. 
Continuous development of produc- 
tion methods is needed and an intimate 
knowledge of what is required is 
essential. Such knowledge can be 
obtained from the detailed practical 
articles published regularly 
in AIRCRAFT PRODUCTION, 
the only specialist journal 
in its field. 
Monthly 2s. 6d. 

Annual subscription £1 13s. 


ILIFFE AND SONS LIMITED, DORSET HOUSE, STAMFORD STREET, LONDON, S.E.1 
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S.E.1 


1920 BE2E Pass 


1922 2 Pass. 


1926 DHSO 4 Poss. 


1929 DH6! 6 Pass. 
30 YEARS ofservice to Australia from the 
Hughes to the Menzies-Fadden Governments is one of 
the records of “Qantas” achievements in the field of 
air transportation. 


Serving the people of the Commonwealth from peace, 
1934 12 Pass through war and on again to peace, “Qantas” has 
established and maintained Australia’s overseas air links. 
Equipped with experience based on past achievements, 
and with a loyal, pre-eminently qualified staff, Qantas 
Empire Airways looks with confidence to the task ahead. 


1938 Empire Flying Boat 15 Poss. ] F A 


QANTAS EMPIRE AIRWAYS 


1943 Catalina 3 Pass 


1945 Loncastrian 9 Pass. 


1947 Consteltation Pass. 


AUSTRALIA’S INTERNATIONAL AIRLINE 


) = = > 
Yous of VW 
= 
— 
; 
\ > 
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The fi st. and 


Write direct for fully illustrated leaflet to the sole manufacturers— 
R. B. PULLIN & CO. LTD., PHENIX WORKS, GREAT WEST ROAD, BRENTFORD, MIDDLESEX 
Telephone EALing 0011/3 and 3661/3. Telegrams PULLINCO, Wesphone, London = 


16197 


miy clectrical Turi amd Slip Ind 

: 1000 HOURS NORMAL op 
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MAKERS OF ALLOY AND SPECIAL 
STEELS TO ENGINEERS LARGE OR SMALL 
THE WORLD OVER 


Issued by Thos. Firth & John Brown Ltd., Sheffield 


EG 
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HE RANGE of non-ferrous metals 
offered by James Booth & Co. Ltd. is 


THE AERONAUTICAL 


QUARTERLY | 


Volume I 


CONTENTS 


A Note on Bending 
Moment Induced in the 
Booms of a Spar at the 
Point of Application of a 
Concentrated Load 

Strength of Aeroplanes in 
Relation to Repeated Loads 

The Supersonic Flow Past a 
Slender Ducted Body of 
Revolution with an Annular 


FEBRUARY 1950 


Part IV 


H. F. Winny 


D. Williams 


so very comprehensive that it caters for Intake G.N. Ward 
practically all requirements. It includes Steady 
° about a iIrcular ylinder 
brass, copper and cupro-nickel, phosphor- with Uniformly Distributed 
bronze, aluminium-brass, aluminium, Suction at the Surface J. H. Preston 
ini allo j H Note on Control Reversal 
75, Magnesium Effects on Swept - Back 
alloys and speciality alloys to meet in- Wings W. H. Wittrick 
dividual requirements. Many of these are Reviews Index to Volume I a 
marketed under such famous trade marks as LONDON 
DURALUMIN, DURAL, ALDURAL, SIMGAL, ROYAL AERONAUTICAL SOCIETY /| 


MG7, ELEKTRON, etc. 4 HAMILTON PLACE, WI 


ARGYLE STREET WORKS BIRMINGHAM 7 


| 


JAMES BOOTH & COMPANY LIMITED | 
| 


‘** This is a down-to-earth job ” 


“This fueller is earthed. So is the aircraft. a i 


That’s the way to make certain that there’s 
not the slightest risk of our setting 
up static electricity, which 
might possibly cause a 
spark. There’s nothing left 
to chance in our job...” 
All day and every day the Shell- ; 
B.P. Aviation Service is on duty. You see their Aircraft Servicing 

Vehicles at each of the main British Airports. At 70 aerodromes throughout the 
Unued Kingdom Shell and B.P. products are available to everyone who flies — : 
from pupils doing ‘circuits and bumps” to the captains of international airliners. ; : 


Shell-BP Aviation Service 


Shell-Mex & BP Ltd., Shell-Mex House, Strand, WC2. Distributors in the UK for the Shell & Anglo-Iranian Groups 


Viii 


: 
= 
| 
| 
| 
| 
| 
= 
| 
| 
| 
j 
| 
| 
} 
P 
: 


ix 


THE WORLD'S FIRST 
PROPELLER TURBINE AIRLINER 


AT.B6 


The Viscount Flies into a Great Future 


THE VISCOUNT 700 proves at every stage to be worthy of its distinguished for- 
bears. Its brilliant performance, safety and comfort were fully proved right from 
ET the first take-off. Next it acquired the Normal Certificate of Airworthiness to 
Pe: 1.C.A.O. standards. Now, the Viscount goes into operation for the world’s airlines. 


BROADWAY LONDON : S: 


: 
wi 4 
: 
(A) 
(WW) 
VICKERS-ARMSTRONGS LTD AIRCRAFT SECTION vickers Hous! 


| 


Rapid Navigation |NTERESTED IN 
By W. MyeErscouGH and W. Hamitton. An GAS T U R B | N E 
invaluable series of tables for pilots and navigators. 

The tables have been extended and their accuracy p R A C T i ¢ E 9 

increased for the new edition. s 


Second edition 17/6 net. 


Then you will be interested in 
our publication 


Airerait Engines 


of the World THE NIMONIC ALLOYS IN A VAPOUR 
COMBUSTION SYSTEM 
1949 which describes the Armstrong 
By Pact H. Wirkinson. A famous Annual, Siddeley Combustion System and 
unequalled for accurate, up-to-date information its use of Nimonic 75. 
on the world’s aircraft engines. With enlarged 
section on jet engines and gas turbines. Full-page Write for a free copy to:— 
illustrations. 50/- net. 
HENRY WIGGIN & COMPANY LTD. 
Pitman WIGGIN STREET BIRMINGHAM 16 


Parker Street Kingsway London, W.C.2 
Nimonic is a registered trade mark 


36/HT/21 


contributions 
to -pay-load” 
and satety 


°FLEXELITE’ * MAREX’ 
The new LIGHT WEIGHT LIGHT ALLOY 
FLEXIBLE FUEL TANK HEAT EXCHANGERS 
of SYNTHETIC RUBBER COOLERS, INTERCOOLERS 
and NYLON FABRIC. RADIATORS, etc., ete. 


AT.B6 


Fullest. co-operation and advice from our Development Departments 
VARSTON EXCELSIOR LTD 
(A subsidiary company of Imperial Chemical Industries Ltd.) 
WOLVERHAMPTON (TEL. FORDHOUSES 2181) AND LEEDS 


MAR. 


NDON S: 
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Fasily— 
ll fly at once 


*) Competition in today’s rapidly 
/ changing markets waits for no man. 
Buyers and sellers with overseas 
interests know that a decision made today 
in Egypt, for example, may well 
mean a flying trip there tomorrow. 
They know, too, that 175,000 miles 
of Speedbird routes to 51 countries 
on all six continents enable them to fly 
without delay, swiftly and in comfort — 
on one ticket all the way. 
Complimentary meals are served en 
route. No tips or extras for 
prompt, courteous attention. It’s 
part of B.O.A.C.’s 31-year-old 
tradition of Speedbird service 
and experience. 


B.0.A.C. TAKES GOOD CARE OF YOU 


..« WITH SERVICE THAT MAKES YOU FEEL AT HOME 


Book now. No charge for advice, information or bookings by Speedbird 
to all six continents at your local B.O.A.C. Appointed Agent or B.O.A.C., 
Airways Terminal, Buckingham Palace Rd., London, S.W.1. 


Telephone: VICtoria 2323. 


BRITISH OVERSEAS AIRWAYS CORPORATION IN ASSOCIATION WITH QANTAS EMPIRE 
AIRWAYS LIMITED, SOUTH AFRICAN AIRWAYS & TASMAN EMPIRE AIRWAYS LIMITED 
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Hlustration by courtesy of 


De Havilland Engine Co. Ltd. Excellent service to the aircraft industry for 


over twenty-five years! This is the proud 


record of ‘‘ Elektron '’ magnesium alloys. And now 


the new “' Elektron "’ magnesium alloys containing 


zirconium are providing greater scope for 


designers, still greater reliability in service. 


F. A. HUGHES & CO. LIMITED 


BATH HOUSE PICCADILLY LONDON W.I 
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Behind this undercarriage and behind the hydraulic 
and pneumatic equipment of this company there is 
a background of design experience, research and 


testing which contributes towards supplying the 


ideal component for the job. 


LECTRO- 
YDRAULICS 


LIMITED 
WARRINGTON 


Telephone WARRINGTON 2244 


Main Undercarriall 
for Hermes anda 


DESIGNERS & MANUFACTURERS OF HYDRAULIC, PNEUMATIC AND ELECTRIC a | 
JN.931 


; 
NIN 


| 
L 


EXCLUSIVE HOME 
STUDY COURSES 
by T.1.G.B. 


for A.F.R.Ae.S., A.R.B. Licences, etc., etc., 


The Technological Institute of Great Britain 
offers private and exclusive postal instruction 
for A.F.R.Ae.S. (Courses approved by the 
Royal Aeronautical Society), A.M.I.Mech.E., 
AM.LE.E., Aircraft Maintenance Engineers’ 
Licences, etc. Those who are seriously in- 
terested in obtaining a recognised technical 
qualification are invited to consult T.1.G.B., 
The Professional Engineering Tutors. 


THE INSTITUTE’S PROSPECTUS 


An outline of Study Schemes, method of enrolment and 
fees are contained in the programme of Studies freely 
obtainable on application to the Registrar, T.1.G.B., 39a 
Temple Bar House, London, E.C.4. Please state sub- 
ject of interest and training to date (if any) to assist 
in the suggestion of suitable studies. 


Examination Successes 
T.1.G.B. Students have won 46 first 
places at the A.F.R.Ae.S. Examina- 
tions, 3 Baden-Powe!l Memorial Prizes, 
and many other honours and awards. 
Every enrolment application is closely 


vetted before acceptance. THE MOND NICKEL Co. Ltd. 
The Technological Institute SUNDERLAND HOUSE 


of Great Britain CURZON ST., LONDON, W.1 
39a Temple Bar House, London, EC4 


VHF for light aireratt & 


Single knob tuning for both transmitter 
and receiver. 


Frequency range 116-132 Mc/s. 
6 pre-set crystal controlled channels. 


Any additional number of channels are _ 
available by simple crystal changing in flight. 


Fully tropicalised. 


Designed to meet M.C.A. specification for radio vT - { 
equipment for use in light and medium aircraft, 
M.C.A. type approval certificate No. WR. 462. 


Total weight 14.6 Ib. 
Consumption 55 watts. 


Type PTR. 61 V.H.F. 
TRANSMITTER-RECEIVER 


An illustrated brochure (Publication 

No. 316) is available. Write also for brochures 

describing the Plessey range of 

GROUND Aeronautical Equipment. e Ss sey 


COMMUNICATIONS ENGINEERING DIVISION THE PLESSEY COMPANY LIMITED * ILFORD * ESSEX 
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IMMADIUM 


HIGH DUTY BRONZES 


CROTORITE 


ALUMINIUM 


PLATES 
AND 
SHEETS 


To comply with standard 
spectfications for non-ferrous 
bronze alloys 


THE MANGANESE BRONZ 
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IN THE UNITE 


BELFAS i 
President: Professor G. T. R. Hitt, MC., 
M.Sc., M.I.Mech.E., FR.AeS. 


Chairman: Rear Admiral M. S. SLATTERY, CB. 


Kings Norton, 
Birmingham, 30. 


BRISTOL 
President: Air Chief Marshal Sir ARTHUR 
BarRRATT, C.M.G., M.C. | 
F. G. Evans, Esq., B.Sc., F.R.Ae.S. | 
B. P. LaiGHT, Esq., M.Sc., 
A.M.I1.Mech.E., A.F.R.Ae.S., 
Aircraft Division, 
Bristol Aeroplane Co. Ltd., 
Filton, Bristol. 


BROUGH 
President: 


Chairman: 
Secretary : 


R. BLACKBURN, Esq., O.B.E , 
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A REVIEW OF AERODYNAMIC 
CLEANNESS 


by 
E. J. RICHARDS, M.A., B.Sc., A.F.R.Ae.S. 


The 783rd Lecture to be given before the 
Royal Aeronautical Society was read under 
the auspices of the Bristol Branch of the 
Society at the Royal Fort Physics 
Laboratory, Bristol, on 24th November 1949, 
by E. J. Richards, M.A., B.Sc., A.F.R.Ae.S., 
on “ A Review of Aerodynamic Cleanness.” 
This was the third main Society Lecture to 
be given at a Branch Centre. 

Sir John Buchanan, President of the 
Society, presided over the meeting with Sir 
Arthur Barrett, President of the Bristol 
Branch, and Mr. F. G. Evans, Chairman of 
the Branch. 

Opening the meeting, Sir Arthur Barrett 
welcomed especially Sir John Buchanan; Mr. 
N. E. Rowe, Vice-President of the Society 
and Chairman of the Branches Committee; 
Captain J. L. Pritchard, Secretary of the 
Society; and the many members of Council 
and of the main Society who were present. 

Sir John Buchanan expressed his pleasure 
in being at the first main lecture organised 
by the Society in the Bristol District. 
Perhaps the Society had been a little late in 
so doing, for Bristol had been one of the 
nurseries of British aviation for many years; 
throughout the years it had maintained its 
lead in aviation matters and, having visited 
a works that day, he was sure that those 
who were serving the Industry in the Bristol 
area were still in the front line of aircraft 
and engine designers and constructors. 

He had much pleasure in introducing the 
Lecturer, Mr. E. J. Richards, Assistant 
Chief Designer, Vickers-Armstrongs Ltd., 
Weybridge. 

Before presenting his lecture Mr. Richards 
conveyed greetings from the Weybridge 
Branch of the Society to the Bristol Branch. 


l. INTRODUCTION 


In this paper an attempt is made to 
analyse the overall gains that have been 
obtained in aerodynamic cleanness in the 


past, to review the overall performance 
improvement that can be expected in the 
immediate future from increased cleanness 
along orthodox lines, and to survey critically 
certain more advanced concepts aimed at 
giving still lower drag coefficients and better 
performance characteristics. It is realised 
that all these advances can only be achieved 
by the attainments of the structural designer, 
and the purpose of the paper will be more 
than fulfilled if the aerodynamicists among 
us get a better idea of what is worth urging, 
and if the structural experts obtain from it 
a better idea of what they can expect to 
gain in achieving the improved cleanness 
urged upon them. 


2. LIMITATIONS OF INVESTIGATION 


In recent years it has been necessary, as 
a rule, not only to strive after reductions in 
skin friction, form drag and induced drag, 
but also as speeds have risen to delay any 
drag increments that may arise from com- 
pressibility and shock waves on the aircraft, 
and the design is often determined entirely 
with this in view. The delay and suppression 
of shock drag, however, is a subject for a 
paper in itself and, except by implication, is 
not included here. For this reason, the 
survey confines itself to large transport 
aircraft where admittedly the general shape 
may well be affected by compressibility 
considerations, but which fly below their 
critical Mach Numbers and depend for their 
efficiency on the reduction to a minimum of 
their normal, sub-critical drag. 


3. THE PAST 


Some idea of the path along which aircraft 
cleanness has increased during the years may 
be seen in Fig. 1, in which the ratio of the 
measured drag coefficients to the ideal 
turbulent skin friction drag coefficient of a 
flat plate of the same wetted area and the 
same mean chord is plotted against the year 
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of birth of the aircraft. Since in a plot of 
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Profile drag ratio= Profile drag of aircraft at operating speed 


Turbulent skin friction drag of flat plate at 
the same speed 


Where:— 


Flat plate chord= mean wing chord of aircraft 
Flat plate area= gross wetted area of aircraft 


1920 1930 1940 


YEAR 


Fig. 1. 
Profile drag of various classes of aeroplanes. 


It is interesting that the cleanness of the 


this form, the expected variations in drag 
arising from differences of size, speed, wing 
loading and body size are brought together, 
the curves give as good an indication of the 
cleanness of the aircraft as is possible. 
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biplane defined in this way is twice that of 
the early triplanes, while the cleanness of the 
latest jet aircraft is three times that of the 
early biplane. This has resulted largely 


from the invaluable contributions made by 
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the invention of the cowled engine, the 
cantilever monoplane, the retractable under- 
carriage, the smooth wing and the jet engine. 
It is seen that the drag coefficients of the 
latest jet aircraft are appreciably better than 
those of piston-engined aircraft, presumably 
because of the elimination of large cooling 
drags and the need on these engines to keep 
leakage to a Minimum. 

It can be seen, also, that development has 
taken two definite forms, one in which a 
general lowering of the profile drag ratio is 
achieved by a fundamental change in basic 
conception, such as the introduction of the 
cantilever monoplane, the retracted under- 
carriage or changing to a jet engine, the 
other a more random improvement shown by 
the considerable scatter of the points in each 
class. This results partly from the obvious 
limitations of a comparison of this simplicity, 
but much more from real differences in 
detailed conception and design, often on 
some quite small and insignificant portion 
of the aircraft. For example, the general 
improvement in cleanness which is now 
generally recognised as being obtained on jet 
aircraft as a result of the elimination of 
leakage and cooling drag is almost com- 
pletely lost in one or two of our latest 
aircraft, presumably as a result of some poor 
aspect of the design. This indicates how 
easily the advantages due to new basic con- 
ceptions may be lost if not accompanied by 
good detail design, and_ stresses the 
importance of an aspect of design which is 
too often badly neglected. 


4. THE PRESENT 


Before examining the gain to be obtained 
from new aerodynamic conceptions, it is 
proposed to survey some of these con- 
tributory causes to the derivation of clean 
aircraft. These can be listed as follows: — 
(a) Wing cleanness, including the effect of 

wing smoothness, flush riveting, transi- 
tion point, leading edge slots and fillets. 

(b) Control cleanness, including the effects 
of forward balances, air leakages and 
controls set over. 

(c) Body cleanness, including flush cockpits, 
suppressed aerials, nacelle drags, pitot 
masts and the like. 

(2) Inner cleanliness of internal flows inside 
aircraft, including engine intake losses, 
cabin air flow and cooling air. 

In each of these categories there is suffi- 
cient scope for error to make, or mar, the 


TABLE I 


DESIGN DATA FOR THE V.C.4 COMMERCIAL 


TRANSPORT 
Type Four-engined Turbo-Jet 
Transport with con- 
ventional tail unit. 
14,000 lb. at 3,000 n. 
miles. (Still-Air Range.) 
(London-Gander_ with 
present day  allow- 


Design Payload & Range 


Mean Cruising 
Area . 2,050 sq. ft. 


Spa 
Chord 
Cruising Height ... 
Cruising Speed ... 
Sweepback Angle 
Wing Loading 44 |b./sq ft. 
Power Loading . ... 3.94 Ib./Ib. thrust. 
Aspect Ratio A . 6.0. 
Induced Drag Factor K 1.10. 
Engine Intake Efficiency 7 90%. 
Assumed transition point 
in basic calculations ... 


435 knots 


20% on wings and tail. 
0% on fuselage. 
Effect of a 1% increase of Cops 
Decrease of Range  =27.3 nautical miles. 
Decrease of Payload=272 pounds. 


performance of a modern aircraft. This is 
demonstrated effectively in an analysis made 
at the author’s firm on the effect of variation 
of each of these items on the once-projected 
V.C.4 jet air liner, similar to the de Havilland 
Comet, a type of aircraft which is well to 
the fore today. Similar conclusions will 
apply to any jet transport aircraft flying over 
a long range at its most economical speed, 
which is just below its critical Mach Number, 
and whose operational height is about 
40,000 ft. Table I gives particulars of the 
aircraft considered, with its payload and 
range and the fuel carried, together with the 
effect on this payload, or range (keeping one 
or the other constant) of a one per cent. 
drag variation. 

It is seen that, as a result of the relatively 
low payload carried and the high fuel con- 
sumption, together with the serious effect 
that drag has on an aircraft flying near its 


TABLE Il 

Effect of 1% drag rise on 
Aircraft range (n.m.) | payload (Ib.) 
V.C.4 —27.3 —272 
Constellation —12.8 — 109 
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ceiling or its minimum drag speed, this rise 
has a far greater effect than a similar drag 
rise on typical air liners of today. 
Comparative figures for the loss of payload 
or range on the Constellation and the V.C.4 
for a nominal range of 3,000 nautical miles 
are shown in Table II. It is therefore clear 
that it is between two and three times more 
important to obtain cleanness on the V.C.4 
than on the Constellation, which is an air- 
craft of comparable size. 


Taking this V.C.4 aircraft as a typical 
example of modern design, the drag 
increments arising from improvements jp 
cleanness have been estimated and are 
collected together in Tables HI, IV and V, 
together with their effect on the speed of the 
aircraft, on the range for a given payload, 
and on the payload for a given range. Thus 
an extremely good idea of the value of each 
component improvement may be seen at a 
glance and also the type of weight penalty 


TABLE III 


CHANGE OF PERFORMANCE OF THE V.C.4 DUE TO VARIATIONS OF WING DRAG 
Basic Aircraft: Design, Range and Payload =3,000 n. miles with 14,000 lb. 
N.B.—Any change of Structure or Empty Weight has been omitted. 


Percentage 
Increase of :— 
Alterations to Basic 
Aircraft Drag : | Range Payload 
(The reports used for esti- Coefficient Optimum | (with tat 
mating the drag increments prone | 14,000 Ib. 3,000 N.M. 
are quoted in_ brackets.) px tala | payload) | range) 
(Knots) (N. Miles) (Ib.) 
Transition from 0.0c +9.6 —18 —248 |  —2,380 
laminar to turbulent | 0.1c +4,.63 —122 | —1,175 
flow for the 0.2c 0 0 0 0 
mainplane at :— 0.3¢ —4.27 +9 +118 +1,130 
0 4c —9,.2 + 20.5 +364 | + 2,530 
(R.Ae.S. Data Sheets) | — 14.58 +36 +437 | + 4,260 
Countersunk wing rivets | | 
aft of transition point | 
(0.2c) replaced by:— | 
(i) Snaphead rivets + 8.52 —16 —220 —2,110 
(ii) Mushroom head rivets + 3.38 —6.7 —89.9 | — 1,080 
(Ref. 1) 
Handley Page slats added 
to the outer wings. +2.67 —5.3 —89.8 —700 
(Ref. 1) 
{Internally sealed { Elevator + 1.94 —3.9 —52.8 — 506 
control surfaces | Rudder +1.31 —2.6 —37.2 —357 
replaced by 20%, } Aileron +2.94 —58 —79.1 —759 
unsealed, round | All three) +6.19 —12 —161 — 1,550 
nose, set back controls f 
hinge controls. 
24° elevator angle 
(20% set back hinge type +1.49 —3 —40.3 —387 
control) 
Laminar flow wing | 
replaced by conven- 0.0c — 1.95 +3.5 +53 +508 
tional section having ed —2.95 +6 +79 +760 
same transition at:— 
(R.Ae.S.) Data Sheets) 
Value of | k=1.00 — + 10.35 +141 + 1,360 
Factor :— | k=1.10 —. 0 0 0 
k=1.15 —52 —74.4 —715 
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A, MUSHROOM _HEAD 
RIVETS ON UPPER 


WING SURFACE. 


MEASURED SPEED LOSS = ! KNOT 


1000 2000 3000 
x TOTAL B.H.P.—e 
Fig. 2. 
The effect of mushroom head rivets on the 
performance of the Viking. 


that can be tolerated in achieving this 
improvement to give a net advantage on the 
transaction. 


4.1. WING SMOOTHNESS 


In this category may be included the effect 
of roughness, rivets, bad joints, leading edge 
slots, and paint, from two points of view. 
First, each of these items can alter the 
amount of laminar flow that occurs over the 
wing; secondly, even for a given position of 
transition, they can give rise to an appreciable 
form drag. The gains to be obtained from 
extensive laminar flow, given in Table III, 
are self evident and are far greater than those 
to be obtained by any other component 
improvement; for this reason more detailed 
discussion is left until later (Section 6). 

One point is worth bearing in mind, here, 
however. The gains from far back transition 
are considerable, but if that transition is not 
achieved, the drag for forward positions of 
transition is higher for the new type of 
section than for conventional types by an 
appreciable amount, as shown in Table III. 
For example, on the V.C.4, the use of an 
aerofoil section suitable to give transition at 
0.5 chord will give a gain in payload of 
4.260 lb. weight if laminar flow to this point 
is achieved, but the achievement of only 
20 per cent. laminar flow will mean almost 
4760 lb. loss of payload from that obtained 
using a conventional section giving the same 
transition point. Thus it is most unwise to 
accept an extreme laminar flow aerofoil 
section in the pious hope that extensive 
transition may be achieved. It is far better 


to accept the relatively modest gains to be 
obtained by maintaining transition at 0.3 or 
0.35 chord and designing for such. 


4.1.1. Rivets and lap joints 


There has always been considerable con- 
troversy over the drag reduction to be 
obtained from the use of flush riveting on 
wings and body and some disappointing 
gains have at times been achieved when 
rivets have been eliminated. Fig. 2 shows 
a performance comparison on a Viking fitted 
alternatively with flush and simulated mush- 
room headed rivets on its upper wing 
surfaces, the difference being of the order of 
one knot in aircraft speed. This can be 
explained quantitatively if transition is taken 
to occur at the leading edge of the wings, 
a distinct possibility with the liquid de-icing 
system fitted. The losses from non-flush 
riveting on cleaner and faster aircraft can 
become quite considerable however. For 
example, in a series of tests made in 1939 at 
the Royal Aircraft Establishment”) on a 
Fairey Battle, it was concluded that even on 
this type of aircraft a one per cent. decrease 
in top speed occurred with small mushroom 
headed rivets (0.038 inches high) and a 6.6 
per cent. reduction with larger rivets (0.087 
inches high). In addition, the effect of for- 
ward movement of the transition point gave 
a further reduction of 3 per cent. in top 
speed. 

Using this and other data’, the figures in 
Tables III and IV demonstrate conclusively 
that the penalty for using snaphead rivets 
on either the wings or the fuselage of a high 
speed aircraft is severe and should be 
avoided at all costs. Snaphead rivets have 
been eliminated on all high speed jet aircraft 
for some time; the above remarks are aimed, 
therefore, at air liner designers who have a 
difficult task in pressurising large cabins and 
who might tend to favour non-flush rivets for 
this reason. 

The same remarks apply to the use of 
either forward- or aft-facing lap-joints on 
fast aircraft, the R.A.E. tests already 
mentioned giving drag increments of equal 
magnitude to those due to snaphead 
riveting. No information is available on the 
effect of joggled edged arrangements but 
clearly the performance loss will depend 
entirely on the skill with which the surface is 
manufactured. Needless to say, there will 
be some loss, unless a filler is used, since 
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each of the discontinuities will result in a 
slight form drag increase. 


4.1.2. Roughness and paint 

Ample evidence was accumulated during 
the war on the beneficial effects of smooth- 
ness on the performance of an aircraft and 
the pride with which some pilots kept their 
aircraft highly polished paid handsomely in 
the increase in speed obtained. A thorough 
analysis of the effect of roughness and poor 
painting has been made at the Royal Aircraft 
Establishment on a Mustang”) and on a 
Spitfire); the results are enlightening and 
form a good background for the formulation 
of sound roughness requirements on future 
aircraft. 


The Mustang figures are as follows :— 
(a) Aeroplane as received from 


the Service ... 306.5 knots 
(6) Smooth camouflage finish, 
wax polished : ... 330.9 knots 


(c) Smooth camouflage finish, 
carefully applied ... 330.0 knots 


(d) Special night finish, careful 


application ... 292.7 knots 
(e) Special night finish, normal 
application oe ... 285.7 knots 


Thus the general cleaning up from a 
normal service condition made a 24.3 knot 
difference in the cruising speed of the air- 
craft and the special night finish caused a 
45.2 knot reduction in speed compared with 
the clean condition, equivalent to a drag 
increase of 67 per cent. on the smooth 
camouflage drag condition. This special 
night finish has no significance on civil 
aircraft, but the 27 per cent. drag difference 
between the service and the smoothed condi- 
tions can be used as an indication of the 
extreme seriousness of allowing a painted 
aircraft to deteriorate in operation. On the 
V.C.4, for example, this drag increase results 
in a loss of payload over the 3,000 nautical 
miles range of 7,000 Ib. weight, a somewhat 
large proportion of the 14,000 lb. of payload 
designed to be carried. Needless to say, this 
is an extreme case, but does show what can 
happen, to a smaller degree, on a poorly 
painted or poorly maintained jet air liner. 

In addition to the foregoing information, 
roughness tests on aerofoils have been made 
at the National Advisory Committee for 
Aeronautics®) while Young’) has calculated 
the effect of roughness on the drag rise. 
Fig. 3 shows the increase of drag with grain 
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Fig. 3. 
The effect of roughness on drag. 


size attained in these various tests; it is seen 
that the Mustang and American tests agree 
fairly well and suggest that once a critical 
roughness of 0.0005 inches has 
exceeded, the drag increase is, in fact, far 
more rapid than the theoretical calculations 
suggest. 

This limiting tolerance, however, is not 
difficult to achieve, the standard smooth 
camouflage finish giving less than 0.0003 
inches tolerances. Thus if this type of finish 
is rubbed over with a wet emery cloth to 
eliminate any large protruberances, there is 
no reason why the surface roughness of an 
aircraft should affect the drag in any way. 


4.1.3. Leading edge slots 


The advent of swept-back wings has 
brought with it the need for anti-tip-stalling 
devices such as leading edge slots, leading 
edge flaps or drooped nose arrangements. 
These are made as flush as possible for high 
speed flight but they cannot possibly be free 
from discontinuities and will certainly bring 
transition forward to the trailing edges of 
the slots. The performance loss from this 
aspect alone can be quite severe, causing a 
loss on the V.C.4 type of some 700 Ib. of 
payload. In addition, poor manufacture and 
deformation in service, according to the tests 
of reference 1, can increase the local drag 
coefficient by a further 0.0006, thereby eating 
another 400 lb. from the payload. Jt may 
be concluded, therefore, that slots and the 
like, apart from their weight, can be an 
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expensive luxury and the possibility of their 
elimination should never be overlooked. 

Alternatives to these methods of tip 
stalling prevention, are the porous nosed 
gerofoils, and boundary layer fences. The 
former need not produce any drag penalty 
at all and in fact can be used to extend 
the laminar layer aft of it. There will 
undoubtedly be a weight penalty involved, 
but this type of anti-tip-stalling device is well 
worth examining. 

The other alternative, boundary layer 
fences, appears to be in favour on some 
American aircraft and may be seen in photo- 
graphs of these aircraft. On high efficiency 
aircraft, however, considerable attention 
must be paid to their design, since good low 
speed behaviour can often be accomplished 
at the expense of some increase in profile 
drag and often an increase of as much as 
five per cent. in induced drag factor. 


4.1.4. Induced drag factors 


In defining the induced drag factor as k, 
where the induced drag coefficient is given 
by (k/=A)C,* with the usual notation, the 
assumption is made that all the drag rise 
with increasing lift coefficient is associated 
with induced effects which vary with espect 
ratio. Since this drag rise is also associated 
with breakaway around the nacelles, which 
is independent of the aspect ratio of the wing, 
high aspect ratio aeroplanes often appear to 
be particularly poor when judged by their 
induced drag factors, although the actual 
drag penalty from this factor is probably 
quite small. Consequently, it has been 
impossible to generalise on the trends in 
induced drag factors with the passing of the 
years, except to say that they are generally 
approaching the unity mark, possibly due to 
the general use of lower aspect ratios. 


(NouceD ORAG FACTOR) 
DRAG FACTOR) 


20° 


n4 


| 
30° 40° so” 
ANGLE OF SWEEPBACK A® 
Fig. 4. 
Effect of sweepback on induced drag factor. 


It is worth while bearing the induced drag 
factor in mind, however, particularly when 
variations in plan form, sweepback and 
washout are being considered, as aircraft 
travelling near their minimum drag speeds 
are critical to small changes in this factor. 
Thus Table III demonstrates that the five per 
cent. increase in factor which can occur with 
poorly designed boundary layer fences gives 
a loss of speed on the V.C.4 of 5 knots and 
a loss of payload of about 900 lb. Similar 
losses can occur from the use of a large 
amount of washout or from poorly placed 
nacelles which cause a loss of lift in their 
cruising altitude. 

In addition, the provision of large sweep- 
back can give rise to a severe increase in 
induced drag factor, which should not be 
overlooked when assessing the relative merits 
and demerits of sweep. It is obviously not 
possible to generalise on these losses since 
the gain in speed made possible by sweeping 
the wing may reduce the induced drag more 
than it is increased by the increase of the 
factor. Fig. 4, which is replotted from Mr. 
Ivan Driggs’ recent lecture to the Society® 
shows, however, that this factor is large, and 
in most cases will more than outweigh the 
reduction of induced drag arising from the 
speed increase. 

The magnitude of the penalty on an aero- 
plane of the V.C.4 class can be catastrophic 
unless full advantage is taken of the sweep; 
all other things being equal, the provision of 
40 degrees of sweep to the wings of the 
V.C.4 would decrease the payload by some 
4,500 lb. The author feels that the incre- 
ments quoted in Fig 4 are high, however, 
and half this figure would appear to be a 
more realistic figure. The exact amounts in 
any case will depend critically on other 
parameters, such as the plan form and taper 
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ratio, and each layout must obviously be 
considered on its own merits. Fig. 5°) 
shows, for example, that for each angle of 
sweep there is an optimum taper ratio for 
which the theoretical loading 1s practically 
elliptic for any aspect ratio and the induced 
drag factor is a minimum. Thus plan forms 
conforming to these optimum configurations 
should not give induced drag factors 
appreciably higher than those for an unswept 
wing. 


4.2. CONTROL CLEANNESS 


Tests made at the National Physical 
Laboratory on a Spitfire wing’) showed 
some remarkable drag effects arising from 
the provision on the aileron of an aero- 
dynamic balance which required both a 
flow through the wing and a discontinuity in 
the surface. Fig. 6, which shows the 
sectional drag reduction obtained both from 
eliminating the leak and the gap, demon- 
strates that in this case, at least, the provision 
of a surface discontinuity can result in a drag 
penalty, the seriousness of which can easily 
be overlooked in the early design stages of 
an aeroplane. The tests were made at 
relatively low Reynolds Numbers, but ample 
flight confirmation of this point is given by 
J. Smith in his lecture to the Society on the 
Spitfire), where he claims a speed increase 
of 5.2 knots as a result of a change from 
Frise to plain ailerons. 

This drag term applies equally on other 


controls, particularly on elevators and 
ORIGINAL 
FRISE AILERON 

0-008 a 
4S 
2 GAP FAIRED 
5 

0-006 
-2 ° +2 
AILERON ANGLE (DEGREES) —> 
Fig. 6. 


The effect of discontinuities in an aerofoil section 
having a Frise type aileron. 
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rudders where the need for a positive or 
zero b, coefficient has resulted in the wide. 
spread use of set-back hinged controls. Qn 
one American air liner, the magnitude of 
this penalty has been appreciated, and 
internally balanced flush elevators have been 
fitted at the expense of quite large limitations 
on centre of gravity travel. The significance 
of this factor on a high speed, high altitude, 
air liner is brought out well in Table [J 
which shows that the provision of the aircraft 
with quite modest 20 per cent. set-back 
hinged controls on all three services can 
reduce the speed by 12 knots and reduce the 
payload by 1,550 lb. Since, with the ever. 
increasing urge for thin wings and tail units, 
the possibilities of installing internal balance 
is becoming more and more difficult, the 
set-back hinge type of balance presents some 
considerable aerodynamic advantages on the 
score of stability and control. The payload 
penalty is extremely high, however, and far 
outweighs, for example, the weight for a 
completely duplicated power operation 
system. This hidden asset of power operated 
controls is often overlooked in assessments 
of the relative merits of various types of 
manual arrangement. 


The use of a horn balanced elevator or 
rudder which can be arranged to give no 
discontinuity in cruising flight, is an alterna- 
tive to the set-back hinge. If, however, the 
elevator is set down slightly for high speed 
flight, in order to minimise aeroelastic 
distortion effects, some loss may be sustained 
even with this system, unless the horn is 
offset to be flush with the mainplane. No 
drag data are available on this item, but some 
caution is clearly required. 


Any offsetting the control in high speed 
flight is in itself quite serious, irrespective 
of the forward balance. For example, it is 
shown in Table III that a 3 knot speed 
penalty and a loss of nearly 400 Ib. payload 
may result from the need to set the elevator 
over 24 degrees from the neutral position, 
the drag resulting from the discontinuity in 
contour thus incurred. Such angles are 
unlikely to be designed to on high speed 
aircraft, but compressibility doubts even 
before serious drag rises occur, can result in 
errors in trim angles of half this amount. 


4.3. Bopby CLEANNESS 


As aircraft become larger in size, the 
possibility of fitting the cockpit flush in the 
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Cp 
Increase of 
Dio for References 
Based on Based on V.C.4 
fuselage cockpit 
cross section cross section 
RECESSED WINDOWS. 0.015 — 17 |b. 20 
| 
| 
0.09 12.8 Ib. 21 
(frontal area 
| 
| | 
| 
PILOT & CO-PILOT | 0.056 | lb. 21 
IN TANDEM. 
| (frontal area 
| eq. fe) 
| | 
| 
— 0.06 5.25 lb. | 20 
(frontal area | 
< > | = sq. ft.) 
| 
| | 
Fig. 7. 


nose of the fuselage without any external 
canopies, becomes more and more feasible 
and the aerodynamic gains therefrom must 
be seriously considered and weighed against 
its other deficiencies. Fig. 7 shows the drag 
coefficients of various types of cockpit now 
IN use in aircraft; it is seen that while con- 
ventional cockpits of the type fitted on civil 


Drag of various cockpits. 


now adopted on 


aircraft are poor aerodynamically, the latest 
fighter types and those tandem arrangements 
the 
bombers, such as the B.45 and B.47, need 
not give rise to serious form drag penalties, 
and, in the long run, may well give a better 
compromise than the flush nose type of 
cockpit, which can be assumed to give little 


latest American 
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drag increase except inasmuch as this type 
will fix transition near to the nose of the 
fuselage. 

The weight penalty expected on the V.C.4 
is shown in Table IV to be only 450 Ib. in 
payload. Some of this may be regained by 
the weight built in to the cockpit to take the 
pressurisation loads, while the whole of it 
can be retrieved if the nose is made suffi- 
ciently smooth to allow laminar flow to 
exist up to less than 10 per cent. of the 
length of the fuselage. It thus appears that 
so long as the structural engineer is willing 
to go a long way to meeting the aero- 
dynamicist in shaping the cockpit canopy, as 
he invariably will be if he really believes it 
to be necessary, the fitting of a flush nose 
cabin is hardly worth while unless com- 
pressibility requirements dictate its necessity, 
an improbable contingency since the drag 
rise from a good canopy, as a rule, is delayed 
at least as late as those to be expected from 
the wings and tail assembly. 


4.3.1. Aerials 


In the past, the drag of aerials has been 
a small, but appreciable, fraction of the 
whole, being over three per cent. of the total 
profile drag on the Halifax VIII and as little 
as one per cent. on the Liberator. No 
information is available at the moment on 
the exact radio equipment that would be 
required on a trans-Atlantic jet air liner, but 
it is fair to assume that much of the Halifax’s 
radio equipment would be retained while 
further radar equipment would need to be 
added. Assuming therefore that these 
aerials would have been developed to be 
cleaner shapes, it is likely that the drag of 
the whole system will still be at least half of 
those of the Halifax, i.e. 1.6 per cent. of the 
whole. This means on the V.C.4 a loss of 
speed of 3.3 knots and a loss of payload of 
430 Ib. weight (Table IV), a ‘severe loss 
which, in practice, will probably be greater 
because of the notoriously poor compressi- 
bility properties of circular wires and whip 


TABLE IV 


CHANGE OF PERFORMANCE OF THE V.C.4 DUE TO VARIATIONS OF BODY DRAG 
Basic Aircraft: Design, Range and Payload = 3,000 n. miles with 14,000 Ib. 
N.B.—Any change of Structure or Empty Weight has been omitted. 


Increase of: 


Alterations to the Basic I. 
Aircraft Drag 


Percentage | 


Increase of: 


Optimum | Range | Payload 
(The reports used for esti- | Coefficient Cruising (with (at 
mating the drag increments | Speed | 14,000 Ib. 3,000 N.M 
| are quoted in brackets.) | Coz payload) | range) 
. (Knots) | (N. Miles) | (Ib.) | 
Cockpit canopy (for pilot | | | | 
| and co-pilot) replaced by a | | 
flush windscreen conform- — 1.74 + 3.5 +471 +452 
ing to the fuselage lines. | | 
(Ref. 20) | 
Countersunk fuselage rivets | | | 
replaced by: — 
(i) Snaphead rivets. | +9.8 — 18.4 —254 —2,440 | 
(ii) Mushroom head rivets. + 3.88 —7.5 — 102.3 —982 
(Ref. 2) 
| Suppressed aerials replaced | 
| by conventional aerials. | 
| (ADioo assumed=S5 Ib.) | + 1.65 | —3.3 —44.9 | —432 
| Transition from lam- {0.0L | 0 | 0 | 0 | 0 
inar to turbulent flow 0.1L | —2.12 +4.5 | +55.8 +536 
for the fuselage at:— [0.2L | —4.24 +9 +114.5 + 1,100 
(R.Ae.S. Data Sheets) | 
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grials. For this reason, whenever possible, 
gials should be flush fitting or mounted mn 
plastic covers conforming to the local aircraft 
shape. 

since high speed air liners may suffer 
badly in bumpy weather because of the 
increased effects of gusts at high forward 
geeds, it is possible that cloud warning 
dar systems may be required. Every effort 
should be made to instal these in the nose 
of the aircraft, since the large blisters other- 
wise required will add appreciably to the 
drag. This presents a further advantage to 
ihe small tandem cockpit as against the flush 
cabin which occupies the whole of the nose 
of the aircraft. 


4.3.2. Rivets and smoothness of fuselage 

While there is now common acceptance of 
the need for flush riveting on the wings and 
empennage of a high speed aircraft, the 
poblem of pressurisation of the cabin at 
yeat heights raises the controversy of 
whether or not fuselages should be built with 
fush or snapheaded rivets. Calculations on 
the V.C.4 once again show (Table IV) that 
the penalty is higher than normally can be 
aforded. Even the shallow mushroom 
headed rivet is unsatisfactory and loses 74 
knots in speed and 1,000 Ib. in payload. The 
tivets near the nose are the prime offenders. 
Thus, if flush riveting is resorted to over the 
forward third of the fuselage length, mush- 
room readed rivets being used thereafter, this 
penalty is reduced to approximately 500 Ib. 
weight in payload. 
Table IV also shows the effect of transition 
position on the drag of the fuselage. The 
gains due to producing a clean nose are self 
evident but the possibility of obtaining them 
isnot so obvious. 


44. INTERNAL AIR FLOW 


Good nacelle design contributes largely to 
good overall aerodynamic cleanness and 
great care needs to be taken to ascertain that 
no separation of flow and no lift losses 
occur in any particular design. No general- 
lsations on nacelle shape or position are 
possible because the design is closely linked 
with the general layout of the aircraft and its 
compressibility characteristics, and each 
design must be considered on its own merits. 
Indeed. it is not safe even to state that, 
when possible, jet engines should be com- 
pletely buried in the wings or in the fuselage; 
i many cases, the external drag reduction 
8 More than outweighed by the poor jet 
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engine intake efficiency obtained, for 
example, with a long engine air duct 
stretching the length of the fuselage, or with 
a side intake of particularly poor detail 
design. 


4.4.1. Intake efficiency 


On high speed jet aircraft, the mass of air 
flowing through the engines is as large as the 
whole mass of air in the wing boundary 
layers. It is not surprising, therefore, that 
good internal flow is as important to achieve 
as the external variety. By far the most 
important single item is that of the engine 
intake efficiency, which is defined as the 
ratio of the total head at the engine entry to 
that of the free stream forward of the inlets. 
If, in the process of absorbing air through 
the intake, a bad breakaway of flow occurs, 
the loss of ram pressure in the engine gives 
rise to a loss in thrust for the same fuel con- 
sumption. Some idea of the serious nature 
of the losses arising from poor intakes can 
be seen from Table V, which shows that a 
reduction from 100 to 80 per cent. in 
efficiency results in a loss of speed of over 
20 knots and a sacrifice of 2,000 Ib. of pay- 
load to do the same range. 

The old type of plenum chamber entries, 
as fitted to the Meteor, Nene Viking and 
nacelle type jet aircraft is reasonably satis- 
factory (about 85 per cent.), but very low 
efficiencies have been recorded on fighter 
types in which the entries are placed fairly 
well aft, either in the fattened up wing root 
or on the side of the fuselage. These suffered 
either because the fuselage boundary layer 
air entered the intake and, consequent upon 
the poor dynamic head in it, gave rise to a 
breakaway in the expanding duct, or because 
the air expanded too quickly around sharp 
bends, thereby causing breakaways of flow. 
In at least one other instance, a change of 
engine from a direct inflow type with a high 
velocity entry, to a plenum chamber type of 
engine which required a low velocity entry, 
caused a bad breakaway when the expansion 
into the plenum chamber was made, and 
actually gave an intake efficiency of only 50 
per cent. 

It is not satisfactory, therefore, merely to 
design to give good efficiencies with the 
engines initially proposed for the aircraft, but 
also to design for satisfaction with any 
engines which might at a later stage have to 
be installed. The example mentioned is 
probably not typical, but it is undoubtedly 
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to be expected that engine powers and mass It is not proposed here to enter into the 
flows will increase as the aircraft is details of intake design. Fig. 8* demonstrate; 
developed, and care must be taken in the the types of intakes and their efficiencies 
early design stages that a reasonable increase obtained on various types of aeroplane, | 
of mass flow (say 40 per cent.) can be will be noted that no side entry intake of 
allowed without loss of intake efficiency. the normal type, either with or without 

Since spar geometry enters into this, it is boundary layer bleeds, gives a really satis 
clear that a compromise will be required factory efficiency, but that there are 
between the spar cut outs and the require. Considerable possibilities with the N.A.CA, 
ments for the future, but it can well be fatal Submerged intake"). These have advantages 
not to provide this margin of reserve which, 4/80 on aircraft layouts which call for an 
in the course of air liner development, will * see Dr. Seddon’s contribution in Discussion 
almost certainly be advantageous. (page 176). 


TABLE V 


INTERNAL AIR FLOW 
Basic Aircraft: Design, Range and Payload = 3,000 n. miles with 14,000 lb. 
N.B.—Any change of Structure or Empty Weight has been omitted. 


| | | | 
| Increase of: | 


| 
Vr=Ejection velocity. 


Design Feature | Propose tae | Optimum | Range Payload 
Efficiency Cruising | (with (at 
Speed 14,000 Ib. 3,000 N.M. 
| | payload) | range) 
| (%) (Knots) | (N. Miles) (Ib.) | 
{ 100% | +1035 | +1,070 | 
*Intake 90% | (Basic Aircraft) | 0 | 0 0 | 
Efficiency 80% | =10 — 10.35 —102 —980 | 
| 70% |  =—20:7 —201 —1,935 | 
Debris guard. | —8 —8.3 | —82.2 —788 | 
Forward end of engine in- | 
| takes increased in length by | —0.28 —0.29 | —2.95 | —28 | 
| 1 foot. | | | 
| *Engine cooling {0.06x Vr | (Basic Aircraft) | 0 0 | 
| air expelled at: | 1.00x Vr — | +2.0 26.2 | +252 
| Loss due to cooling jet pipe. | -—- | —1.0 | —40 | — 384 
Loss due to cabin ventilation. | | | 
(i) By bleeding engine com- | 
pressors : | 
(a) No ejector thrust. | —10.1 | =236 
(b) Full ejector thrust. | —7.5 | — 163 — 1,560 
| (ii) Engine driven blowers: | | | 
(a) No ejector thrust. —6.9 | —170 —1,630 | 
(b) Full ejector thrust. —4.0 — 100 | — 9/0 
*Losses due to momentum _ | | 
drag. 
Cabin | 
pressurisation {0.00 Vr | — —2.2 —29.4 —282 | 
Intercooler air 0.74 x Vr | (Basic Aircraft) | 0 | 0 0 | 
expelled at:— (1.00x Vr | —_— | +0.8 +10.5 +101 | 


* Gains and losses are quoted relative to the basic aircraft. The losses quoted in the other rows 
are relative to the ideal of no performance loss. 
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Fig. 8. 
Intake efficiencies of various types of entries. 


engine near the tail, in which the flush intake 
can be built into the rear fuselage. A word 
of caution is required, however, since these 
ducts become more and more difficult to 
design efficiently as the thickness of the 
boundary layer increases. The N.A.C.A. 
intake is also highly suitable for installing 
on the under surface of the wing to allow 
lush intakes to oil coolers, pressure cabin 
intercoolers or even, on very large aircraft, 
tothe main engines themselves. The weight 
of a long metal duct is not inconsiderable 
and, as shown in Table V, the loss of intake 
ficiency arising from the normal skin 
friction drag in a long high speed intake of, 
say, 20 feet length, is in itself a considerable 
drag factor (on the V.C.4 type being 
equivalent to 560 Ib. loss of payload, for 
example), and may well justify the fitting of 


a submerged intake. This loss of efficiency 
in a long intake should also be taken into 
account in assessing the relative merits of 
the flying wing and orthodox layouts 
respectively. 

The other type of intake which shows up 
well is the wing leading edge entry type. In 
their high speed conditions, such entries can 
give efficiencies as high as 96 per cent. on 
axial engine installations. 

While compressibility effects are not being 
considered specifically in this paper, future 
air liners will undoubtedly emulate the 
Comet in having some amount of sweep and 
if this is increased greatly, the intake 
efficiency will undoubtedly suffer as a result 
of the adverse velocity gradient which will 
arise near the inboard wall of the intake. 
Much of this loss should be reclaimable 
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either by sensible sloping of this inboard 
wall, or possibly, by fitting a boundary layer 
bleed to remove the thickened boundary layer 
on this wall. 


4.4.2. Inner cleanliness 

The foregoing review refers to the losses 
that will occur with a clean intake with flush 
riveting or welded joints and no protrusions. 
Unfortunately, but understandably, the 
designer finds it necessary to stop birds, 
gravel, ice and hail from entering the engines; 
he finds it necessary to cool each engine bay, 
including the jet pipe, and also to take away 
air, either hot or cold, for pressurising the 
cabin, for heating various instruments and 
power operation units, for cooling the 
generators, and for a dozen other purposes 
which make an aircraft function and keep 
functioning. The internal air systems in air- 
craft, therefore, are becoming more and more 
complicated and, if they are not scrutinised 
carefully at every stage, tend to become 
expensive in mass flows and serious drag 
makers. A review of the “ inner cleanliness ” 
of the aircraft should always be made at the 
first possible opportunity after the design has 
solidified sufficiently. 


4.4.3. Debris guard 


Considering first the need for a debris 
guard to prevent stones entering the engines 
and to collect hail and ice, an estimate of 
the drag of a typical installation was 
obtained from wind tunnel tests. The 
reduction of intake efficiency of 8 per cent. 
thereby incurred is probably pessimistic, but 
losses of this order can clearly arise through 
lack of attention to the aerodynamic side of 
the design. The resulting loss of 8 knots in 
speed and the 800 lb. in payload on the 
V.C.4 speaks for itself and makes clear the 
need either for the complete elimination of 
the debris guard, or for its restriction after 
an altitude of a few thousand feet has been 
reached. Similar, although smaller, losses 
will be incurred from other excrescences in 
the intake, such as load carrying struts or 
de-icing spray rings, while a critical exam- 
ination must be made of any engine anti-icing 
system to ascertain that the loss of dynamic 
he head obtained by mixing the hot gas, or 
ae liquid spray, with the cold air does not incur 

a a serious loss of power, as it may well do. 


4.4.4. Engine cooling drag 
The advent of the jet engine has reduced 
engine and oil cooling drag to a fraction 
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The effect of jet pipe cooling on engine thrust. 
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of its former self, a feature which has helped 
greatly in the process of supplanting the 
piston engine on high speed aircraft. For 
example, the cooling drag of the Spitfire 
constituted 13 per cent. of the total profile 
drag of the aircraft, a very large item 
requiring much skill even to reduce it to this 
figure. Now that the age of jet aircraft is 
upon us, however, there is little point in 
being content with this gain, and considera- 
tion should be given to methods of reducing 
cooling drag to zero. 

The cooling air taken into the engine bay 
does harm in two ways, as a rule; it is 
thrown out with very little momentum, so 
that a drag equal to the loss of momentum 
is incurred, and it is often used to cool the 
jet pipe by passing it through a very closely 
cowled jacket of the jet pipe. As shown in 
Table V, the momentum loss incurred by 
poor design of the outlet or by poor internal 
design of the ducting can be as much as the 
equivalent of 250 lb. of payload on the 
V.C.4. Excessive cooling of the jet pipe can 
also result in nearly 400 lb. loss on the same 
aircraft. Fig. 9 shows the percentage loss of 
thrust during take-off and in cruising flight 
with the average shroud temperature. It is 
clear that in some cases, a high shroud 
temperature, together with some lagging, will 
give a better weight compromise tha 
indiscriminate cooling of the jet pipe. 

4.5. CABIN PRESSURISATION AND 

VENTILATION 


Cabin pressurisation, ventilation and 
temperature and humidity control are a fin! 
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requirement on a modern jet air liner, and 
the power loss required to produce an 
aficient system is gladly conceded by the 
yerodynamicist. The power losses involved 
are large, however, and an aircraft can be 
made or marred by the degree of efficiency 
of the system. Taking the pressurising 
equipment itself as an example, power for 
this can be derived either from auxiliary 
blowers fitted to the engines, or by bleeding 
the compressors themselves. Whichever 
method is adopted, and the bleed system 
appears at first sight to have all the 
advantages, a loss of specific fuel con- 
sumption and a loss in jet thrust are to be 
expected. On the other hand, this energy, 
apart from leakage through the cabin and 
through duct losses, is always available in 
terms of potential energy and if discharged 
dficiently can give a large amount of ejector 
thrust. The relative gains obtained on the 
V.C.4 are shown below and are given in 
more detail in Table V. 


Method Loss of Payload (Ib.) 


Bleed, no ejector 2,265 
Blower, no ejector 1,630 
Bleed, full ejector 1,560 
Blower, full ejector 970 


Making allowance for the weight of the 
blowers, there is in this case little to choose 
between the use of the blower or the bleed. 
On a lower altitude aircraft, however, the 
bleed system would show up less favourably, 
since the reason for the apparent inefficiency 
of the simpler system lies in the large 
throttling losses which must be provided to 
teduce the bled air to the required cabin 
pressure. This would be greater at a lower 
altitude, since even more throttling would 
be necessary. 

A point of far greater practical importance 
emerges from this analysis. The above 
losses in payload will be almost proportional 
to the mass flow of air taken into the cabin. 
Thus the over-generous designer of a civil 
air liner needs to be particularly watchful 
lest, by giving the passengers twice the 
ventilation air they really require, he 
guarantees a loss of thrust and therefore a 
loss of payload equivalent to five of his 
passengers. In the same way, requirement 
witers should bear in mind the severe 
penalties that go with the often practised art 
of doubling to be on the safe side. 

In addition 700 Ib. of payload can be 
gained by using the full ejector thrust avail- 


able if the losses in the system are reduced 
to a minimum and the pressure relief valve 
is designed to give gradual expansion and no 
loss of energy. Clearly this is not possible 
in full, but improvements on existing 
alrangements are possible, and in view of 
the gains to be obtained, should be 
developed. 

It is impossible to deal here in detail with 
several further items of internal flow but 
they should be examined thoroughly on 
any specific design being projected, since 
indifferent design even on systems requiring 
the minutest quantity of air can progressively 
reduce the overall performance of the air- 
craft. Among the items which need attention 
are the anti-icing air flows when in use and 
even when normally shut off, the cabin 
inter-cooling air (see Table V), special 
cooling air for electrical equipment, under- 
carriage bay, power operation unit and the 
like. To conclude, it is seen that attention 
to details in the internal flow systems in high 
speed air liners can completely alter the 
operating economy of such an aircraft over 
extreme routes, and that aerodynamic clean- 
ness in internal items is as important as such 
controversial, but nevertheless well discussed, 
items as cabin design and the like. 


5. THE FUTURE 


It has been shown that, in the past, 
improvements in aircraft performances have 
been obtained by two types of development, 
(1) due to changes of conception such as the 
change over to the cantilever monoplane, or 
the retracted undercarriage, and (2) due to 
improvements in detail design once the basic 
conception has been fixed. The possibilities 
under the latter heading have been examined; 
there is now the much more difficult task of 
reviewing the likely changes in conception 
in the future. Here again the aerodynamicist 
is largely dependent on the structural 
engineer and the best that can be done 
by the aerodynamicist is to outline the 
possibilities and to estimate the gains in 
economy to be obtained by these develop- 
ments, in order that the aircraft designer can 
judge for himself the amount of effort and 
risk that is worth while to achieve these new 
conceptions. 

Briefly the available methods of drag 
reduction may be split thus: — 


(a) Reduction of frontal area, wing thick- 
ness and the like. 
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(6) Elimination or reduction of all non- 
useful surfaces, e.g. change to tailless 
aircraft or flying wings. 


(c) The use of laminar flow, suction wings 
and porous suction to improve the 
optimum lift drag ratio of the aircraft. 


Little need be said about the first method 
except that, in the past, much of the improve- 
ment in performance has resulted from 
reduced thickness of the wing, elimination of 
undercarriage drag and the like. Since 
further thinning of the wings is becoming 
more and more difficult because of the 
ever-increasing speeds attained, the invention 
of the bicycle undercarriage in the U.S.A. is 
of considerable interest. The elimination of 
large cut outs in the wing so achieved, should 
allow further thinning of the wings, a step 
which is most necessary to prevent shock 
wave losses but which, nevertheless, does 
contribute appreciably to the reduction of the 
skin friction drag of the aircraft. 


The advent of the axial flow turbine engine 
and the very low frontal area thereby 
achieved is also undoubtedly leading to the 
introduction of completely submerged engines 
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and the elimination of any nacelle drag or 
interference. Much speculation has occurred 
in the past few years on the possibilities of 
tailoring the jet engine to suit the aircraft, 
the relative position of the compressor to the 
turbine being determined by the required 
geometry of the aeroplane. This may 
possibly be achieved in the far distant future 
on supersonic aircraft, but, in general, it js 
an unlikely, and probably an _ unwise, 
diversion from the present policy of making 
engines as compact as possible. 


5.1. TAILLESS AIRCRAFT 


Two excellent papers on the gains and 
penalties to be obtained by eliminating the 
fuselage and tail have been given to the 
Society in recent years, by J. K. Northrop 
in his 1947 Wilbur Wright Memorial 
Lecture®*) and by G. H. Lee in November 
1946'**), Fig. 10 shows the estimates of the 
gain in speed, range or payload on typical 
tailless aircraft projects examined in these 
two papers. Both parties claim approxi- 
mately 40 per cent. increase in range above 
that obtained with orthodox types; to obtain 
this, the flying wing conception must be 
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made into a practical proposition, and a fair 
amount of laminar flow must be achieved. 
Both in America and in this country, 
the tailless aircraft has been shown to be 
4 reasonably satisfactory flying machine, 
although some of its characteristics still leave 
gmething to be desired. Thus, if the 
formance gain is large, there can be little 
doubt that the tailless aircraft, possibly in the 
guise of the Delta wing, will become familiar 
to us as the years go on. Since all the drag 
arises from the wing itself, wing protruber- 
ances and the extent of laminar flow are far 
more important than on conventional types. 
In order to demonstrate this effect, 
analyses have been made of a series of 
aircraft embodying the various suggested 
changes of conception and designed broadly 
around the duties of the Brabazon II or the 
American B.36, an aircraft of similar all-up 
weight but operating over a longer range. 
The significant details of these investigations 
are given in Table VI, all the aircraft being 
assumed to have a gross take-off weight of 
300,000 lb. They are all fitted with eight 
Bristol Proteus engines, and have all been 
designed to fly, when possible, at the same 


speed and to carry the same volumetric 
capacity of fuel, oil, passengers and freight 
as the original aircraft. The increases in 
payload for a given range, therefore, are 
purely illustrative, and while the assessments 
of gain, for convenience, have been expressed 
primarily in terms of added payload, the 
aircraft could, in fact, be used only to fly the 
same payload over a longer range. For this 
reason the figures are also expressed in terms 
of added range for a constant payload. 
Figure 11 shows the ‘nominal payload- 
range characteristics of the orthodox 
Brabazon type aircraft fitted with tractor 
propellers and alternatively, with pusher 
propellers and smooth wing construction, 
thereby allowing transition to be delayed to 
50 per cent. chord. Allowance for differences 
in installation and structure weights have 
been made in all these analyses. It is seen 
that the 25,500 lb. payload carried by the 
basic aircraft is nearly doubled in these 
circumstances, an extremely handsome bonus 
arising from laminar flow. The same figure 
shows the nominal payload-range character- 
istics of the tailless project. It is seen that 
in this instance at least, the advantage in 
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Fig. 11. 
Payload - range characteristics of orthodox and tailless aircraft. 
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performance of the tailless aircraft is closely 
associated with its ability to obtain more 
benefit from extensive laminar flow, and that 
with transition at the leading edge, no gain is 
to be obtained with this layout. If, because of 
the increased chord lengths, the amount of 
laminar flow achievable is less, in terms of 
percentage of the chord, than on the con- 
ventional pusher type, then on the above type 
of aircraft at least, the gain to be obtained is 
not worth while, and the tailless principle 
with all its uncertainties, is found to be 
unnecessary. With extensive laminar flow, 
however, the tailless layout can give a 140 
per cent. increase of payload over the 
orthodox tractor aircraft and a 25 per cent. 
gain over the pusher type of orthodox 
aircraft. 


5.2. SUCTION 

During the past eight years, research on 
boundary layer control on wings by means of 
suction has taken new life in this country, 
the possibilities arising from its use being 


E. J. RICHARDS 


startling. This new life has resulted largely 
from the advent of the Griffith wing, invented 
by Dr. A. A. Griffith, of Rolls-Royce Ltd, 
which was described by Mr. E. F. Relf in his 
1946 Wilbur Wright Lecture) and by 
Professor Goldstein, who played such a big 
part in the design and development of this 
type of wing, in his Wright Brothers Lecture 
of 1947), 

A typical profile is shown in Fig. 12 
together with the velocity distribution over 
it. The fundamental advancement in con- 
ception lies not in the old procedure of 
choosing an aerofoil shape and then sucking 
the boundary layer away at, to some extent, 
an arbitrary position, but conversely, in 
deciding where to remove the boundary layer 
and then designing the aerofoil to have all 
its adverse pressure gradient at that spot. 
The disadvantage lies in the peculiar shape 
attained thereby and in the large changes of 
trim characteristics that result from failure of 
the suction. Thus the aerodynamic gain 
has to be weighed, once again, against 
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Variation of profile drag coefficient with Reynolds number and transition point for a 30 per cent. 
thick suction profile, a 16 per cent. thick suction profile, and a 16 per cent. thick normal profile. 


the mechanical complications necessary to 
obtain it. 

The gains to be obtained come about in 
two ways, which must be differentiated; (a) 
the suction reduces the basic drag coefficient, 
thereby improving the performance and (b) 
the suction allows the use of sections of large 
thickness chord ratios up to 30 or 40 per 
cent. or even greater, thereby also allowing 
the use of a more efficient structure, a higher 
aspect ratio, and increased space. Fig. 13 
shows curves'''?*?*) of the variation of 
effective drag coefficient with Reynolds 
number on wings of 16 per cent. and 30 per 


cent. thickness chord ratios for various 
positions of transition. The drag of a 
normal 16 per cent. thick section for 


various transition points is also plotted for 
comparison. 

Examination of these curves shows at 
once that, unless a very far aft slot is used, 
little is to be gained aerodynamically from 
the use of a 16 per cent. thick suction wing 
when compared with a normal wing of the 
same thickness and with transition a long 
way aft. In view of the complication and 
added structure weight involved, this type 
of 16 per cent. aerofoil can be immediately 
discarded as a means of improving perform- 
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ance. The 30 per cent. suction wing, on the 
other hand, while showing a slightly higher 
drag than that of the 16 per cent. thick 
section, does show a big advantage with 
transition very far aft, and furthermore, 
provides the essential advantage of greater 
space and greater depth of structure. If, on 
the other hand, extensive laminar flow can- 
not be obtained, the drag of such a section 
is appreciably higher than that of the 
orthodox 16 per cent. section and the 
structural advantage must be weighed against 
the drag increase. Since there are too many 
intractables to allow general conclusions to 
be drawn on the overall gains to be obtained, 
even when the extent of laminar flow has 
been assumed, the performance analyses 
mentioned previously on the Brabazon type 
aircraft and its tailless versions have been 
extended, with the object of examining the 
effect of fitting suction wings either to the 
orthodox or the tailless layout. Here again, 
allowances have been made, from the best 
available information, of the structure weight 
changes and of the ducting and installation 
weight penalties. It must be pointed out 


that the conclusions reached are based on 
these analyses and may well be modified 
appreciably if some other duty of aircraft is 
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jsumed. The conclusions, therefore, are 
not absoiute and should not be treated as 
such but rather as a basis of discussion and 
as a pattern for other calculations based on 
the designer’s own particular requirements. 
It is not thought, however, that the con- 
clusions arrived at here are misleading, even 
for other similar applications. 

These analyses are also essentially tied up 
with the need to carry passengers, thus the 
best thickness chord ratio for the all-wing 
aircraft is dependent on the overall size of 
the aircraft because, to carry passengers, the 
height of the cabin must be about seven or 
aight feet on a single decker or about 15 
feet for two decks. Thus Fig. 14 shows the 
minimum thickness chord ratios possible to 


accommodate passengers for various aircraft 
weights and wing loadings. It is found that, 
for an aircraft of 300,000 lb. all-up weight 
and space to seat the passengers of the basic 
aircraft, the maximum feasible wing loading 
is 30 lb. per square foot, and that the 
necessary depths can be obtained with a 
wing section of about 15 per cent. thickness 
chord ratio. Thus the plan form is rather 
wasteful on the single decker tailless type 
but comes into its own with the use of thick 
suction wings of about 30 per cent. thickness 
chord ratio. The better structure also allows 
an increase of aspect ratio and wing load- 
ing which the large thickness-chord ratio can 
provide without cramping the height of each 
deck. 


AT ROOT 


THICKNESS CHORD RATIO 
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Fig. 14. 


Thickness chord ratio required on all-wing aircraft in order to accommodate passengers. 


157 


a 

50% 

\ 

50% \ \ 

her 

ick 

mre \ Neg, 
4 

an- 

to 20% Ww. > 
Ww 

has 

ype 10% 

DECK 

in, 

est 

on 

on 


E. J. RICHARDS 


The relatively poor payload possessed by 
the tailless types with forward positions 
of transition mentioned earlier is partly 
explained by the poor suitability of the type 
for the required wing area, as already 
explained. Consequently the tailless principle 
may be used to far greater advantage with 
the thick wings made possible by the use of 
suction, and for this reason the project 
analyses have been confined largely to these 
types. The aircraft examined may therefore 
be listed as follows, types A and B having 
already been dealt with in the previous 
paragraph. 

Type A. Orthodox Brabazon type with and 
without extensive laminar flow. 

Type B. Tailless pusher with orthodox wing 
sections. 


Type C. Orthodox Brabazon type fitted 
with thick suction wings. 


Type D. Tailless pusher with thick suction 
wings and with same plan form as 
type B but with the wing loading 
increased to 45 lb./sq. ft. This is 
made feasible by the use of the 
double decker layout and the thick 


Type E. 


suffers badly from loss of ram i 
the engines suck away the ai 
directly, auxiliary blowers coupled 
to two engines have been assumed, 


As in D, but with the aspect ratio 
inceased to 6.5 in order to make 
use of the higher wing loading, 


Type F. As for E, with the thick suction 


Type G. 


wings confined only to the central 
passenger-carrying area, the outer 
wings being conventional aerofoil 
shapes. This was found to be 
necessary in order to reduce to 
manageable proportions the mass 
flows involved with forward transi- 
tion. 

As for E, but with suction obtained 
directly from the engines instead of 
from auxiliary blowers.’ This has 
been included to demonstrate the 
lack of ability of the engines to 
handle the large suction mass flows 
in the event of early transition to 
turbulence on the wings. 


The significant details concerning these 


wing. Since the engine power aircraft are given in Table VI. 
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Fig. 15. 
Payload - range characteristics of various types of orthodox aircraft. 
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Comparison of payload - range characteristics 


for all-wing suction profile aircraft, all-wing 


aircraft, and orthodox type aircraft. 


Payload 


Considering first the relatively simple 
change of fitting thick suction wings on to 
the existing conventional aircraft of type A, 
with no change of plan form, but with the 
use of pusher propellers and with laminar 
flow to the slot at 71 per cent. of the chord, 
Fig. 15, showing the payload range character- 
istics of this aircraft, demonstrates that the 
payload over a range of 4,000 nautical miles 
still-air range is effectively double that of 
the tractor aircraft of type A. This increase 
isthe result of the light wing weight and the 
extensive laminar flow; there is practically 
no gain, however, compared with the ortho- 
dox type fitted with pusher propellers and 
with transition assumed at 0.5 chord, except 
that there is more room in the wings for 
storage space. This is consistent with the 
drag coefficients shown in Fig. 13. The drag 
coefficient for suction wing is only a little less 
than that of a conventional section with 


Suction orthodox aircraft 


Pounds 


transition at 0.5 chord. Futhermore the 
structural weight saving is offset by the 
weight of the suction plant and ducting. 
Consequently there is little overall gain and 
every disadvantage in that still more laminar 
flow is needed, and the thick wing stability 
and control characteristics with and without 
suction have to be made satisfactory. The 
efficiency of the aircraft is not improved 
greatly by using a higher wing loading and 
higher aspect ratio, and reduced wing area 
(Fig. 15). It may be concluded, therefore, 
that the improvement in aerodynamic clean- 
ness by using a thick suction wing is not 
significant unless the overall drag of the 
aircraft is small. Jt follows that the suction 
wing principle must be associated with the 
flying wing layout for it to be truly 
advantageous. 

5.2.2. Suction tailless aircraft 

Types D and E are the direct corollary to 
the above conclusion, the type D not showing 
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Fig. 17. 
Suction quantities for orthodox aircraft with high aspect ratio, small area, thick suction wings. 


up the full possible gain because of the 
increased drag with the lower wing loading. 
Fig. 16 shows that the nominal payload over 
4,000 nautical miles range on type E is 
actually increased almost fourfold from that 
of the conventional type of tractor aircraft. 
As shown in Fig. 17, difficulty was found in 
coping with the quantities of air needed to be 
absorbed from the boundary layer on type 
C and, to a lesser extent, on type E aircraft, 
if transition moved forward along the wing 
chord for some reason, and the aircraft types 
F and G which have suction wings only in 
those regions where the depth of wing is 
needed, have therefore been examined. 
There is very little loss in payload from this 
change if transition is at the slot, and the 
aircraft is a practical proposition if transition 
moves forward. Since, also, the question of 
aileron control is eased by this arrangement, 
there can be little doubt that this type 
presents the best overall case for this type of 
thick wing conception. 

This suction wing type is, in fact, a world- 
beater if transition can be maintained to the 
slot, the nominal increases obtained with 
the various types being shown as follows :— 
Type A. Orthodox, tractor, 25,500 Ib. 

Orthodox, pusher, with transition 
at 0.5 chord, 50,060 Ib. 
160 


Type B. Tailless aircraft, pusher, with 
transition at 0.5 chord, 62,000 Ib. 

Type C. Orthodox, with thick suction wing 
and transition at 0.71 chord, 
53,500 Ib. 

Type E. Thick suction wing, tailless, 
93,000 Ib. 

Type F. ‘fick centre section suction wing, 
tailless, 91,000 Ib. 

Alternatively, they may be expressed as 
significantly in terms of the still-air range 
over which the aircraft can carry the 25,500 
lb. designed payload. 

Type A. Orthodox tractor 


3,950 nautical miles 
Orthodox pusher 
Type C. 
Type E. 


These figures speak for themselves and 
justify fully the researches that have gone 
into this type of wing. Furthermore, still 
more substantial gains would have been 
obtained if the slot and the assumed position 
of transition had been taken to occur at 
0.80 or 0.85 of the local chord. The 
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100,000 
x 
ALL WING SUCTION AIRCRAFT (TYPE F) 
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80,000 
g 
ALL WING AIRCRAFT (TYPE C) 
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SUCTION AIRCRAFT 
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ORTHODOX AIRCRAFT WITH THICK 
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TYPE C) 
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TRANSITION POINT 
Fig. 18. 


Variation of payload over 4,000 S.A.N.M. with transition position on various types of aircraft. 


figures should encourage designers who have 
hitherto considered this type of wing as the 
aerodynamicist’s dream, to examine the 
practical possibilities arising from it and to 
weigh, one against the other, the improved 
aerodynamic efficiency and the structural 
and handling problems that go with the 
scheme. 

In case too rosy a picture is painted at 
this stage, another less favourable aspect 
must be brought out here. Fig. 18 shows 
the variation in payload over the 4,000 
nautical miles range for all the above types 
plotted against the achieved position of 
transition. It becomes clear at once that, 
if the required laminar flow cannot be 
achieved and transition at only 40 per cent. 
of the chord is possible, the gain from the 
suction wing practically vanishes when com- 
pared with the normal flying wing and, apart 
from saving in first cost, size of aeroplane 
and the like, there is little to be gained from 
suction. Even if laminar flow to the slot 
can be achieved, if a lot more suction mass 
flow is required to cope with the emergency 
occasion when transition is brought forward 
by rain, flies or mud, a similar although 
toned-down conclusion is reached. Since 
this condition will always have to be guarded 


against, it follows that the practical suction 
wing of the future must incorporate means of 
guaranteeing that transition does not move 
forward in such an emergency. This aspect 
is examined later in the paper; at this stage 
it is sufficient to say that promising methods 
are being developed to ensure good laminar 
flow and that the bogey of rain, flies or mud 
should not deter the designer at this stage 
in his assessment of the position. 

At the same time the research scientist 
should appreciate that, in fact, this comprises 
his largest problem and that his researches 
should be aimed primarily at extending 
laminar flow, both by structural develop- 
ments and by modification to the design of 
the Griffith wing, either by the addition of 
one or two auxiliary slots near the leading 
edge, or by fitting porous inserts to the wing. 
Wind tunnel work on thick wings in this 
country, together with the very fine wind 
tunnel and flight research made in Australia 
have proved conclusively that the Griffith 
principle does work once the aerofoil contour 
has been designed satisfactorily. The 
emphasis, therefore, should be on laminar 
flow, and further research on wing shapes 
should be held over until the outcome of 
these researches is clearly known. 
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WITH BOUNDARY LAYER CONTROL 
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Fig. 19. 
Effect upon (L/D) max. of controlling turbulent separation on the thick root sections of 
high aspect ratio wings with leading edge roughness. 
From Fig. 1—Present status of research on boundary-layer control—Von Doenhoff and Loftin™), 


Reference to Fig. 18, showing the variation 
of payload with transition point, brings out 
a further point of interest, namely, that if no 
laminar flow is possible at all, the good 
structural and space qualities of the thick 
suction wing allow a better load. carrying 
aircraft to be designed than do the orthodox 
or the tailless types of aircraft. This is a 
much more immediate application of the 
suction principle, which can show a bonus in 
overall performance without the long period 
of development that is required to attain the 
necessary laminar flow qualities for the full 
gain. The question of which type of aircraft 
is the most likely to give the best aero- 
dynamic cleanness, therefore, appears to be 
closely tied up with the optimism or 
pessimism with which the achievement of 
laminar flow is anticipated. 


5.3. AMERICAN WORK 


In view of this last conclusion, the 
American attitude to boundary layer suction 
is interesting and instructive. In a recent 
lecture to the Institution of Aeronautical 
Sciences'"*), Dr. Von Doenhoff, giving a very 
full survey of boundary layer control 
experiments at the National Advisory Com- 
mittee for Aeronautics, dismissed. the 
Griffith wing at the moment with the 
comment “ Since the advantages of extensive 
laminar flow are well known and the drag 
corresponding to various extents of laminar 
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flow can be calculated theoretically, further 
researcli on the design of Griffith-type 
aerofoils and on their experimental character- 
istics under ideal conditions is much less 
urgent than is research on methods of 
insuring the realisation of extensive laminar 
flow.” 

In consequence of this policy, two lines 
of research on drag reduction are being 
pursued there; the first is an examination of 
the lift and drag characteristics of con- 
ventional 32 per cent. and 40 per cent. thick 
sections with suction applied at one chord- 
wise station and with transition occurring at 
their leading edges. Although the equivalent 
drag coefficient so obtained is not excessively 
low, nevertheless it is reduced to the same 
magnitude as on normal 15 per cent. aerofoil 
sections, while the maximum lift coefficient is 
considerably increased. Bearing in mind the 
increased aspect ratio possible for the same 
weight which results from the use of the 
fatter wing section, Dr. Von Doenhofi 
demonstrates (Fig. 19) the type of gain in 
maximum L/D that can be obtained on a 
typical design with the optimum aspect ratio. 
Thus by increasing the aspect ratio without 
serious weight penalty from 12 without 
suction and a normal aerofoil section, to 20 
with suction and a 40 per cent. thick section, 
an increase of maximum L/D of 30 per 
cent. is obtained even with a 0.010 parasite 
drag allowed for on the aircraft. 
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SUCTION Lg QUANTITY COEFFICIENT 
Fig. 20. 
Drag results obtained for N.A.C.A. 64A.010 aero- 


foil section with and without suction through the 
surface of sintered bronze. 


There are insufficient data on the suction 
quantities and powers given in the lecture 
to allow a full analysis to be made of the 
gains in using this type of aerofoil, but there 
can be little doubt that the gain in payload 
is considerable, possibly of the order of 
40,000 lb. on an aircraft of the type 
examined in the foregoing analysis. Thus, 
there is here a most promising application of 
the suction principle which could well be 
followed up in Great Britain with great 
urgency and which does not require further 
development on laminar flow to justify it. 
These figures are somewhat more favour- 
able than those given in Fig. 18 for type F 
with leading edge transition, but the two 
lines of thought are clearly the same and 
need further examination. 


5.4. POROUS SUCTION 


The N.A.C.A. are also examining methods 
of maintaining laminar flow by the use of 
porous suction and, although information 
about its effects is not sufficiently complete to 
be conclusive, such data as are available 
indicate that porous suction does have some 
stabilising action, even with the use of very 
small suction powers. Fig. 20, taken from 
teference 14, shows the variation of total 
drag and wake drag at a Reynolds number 
of six millions on a wing fitted with a porous 
surface. Boundary layer surveys indicate 


that almost complete laminar flow was 
obtained over the centre porous surface of 
the model and very low drag coefficients 
were measured for small suction powers. 
The surface waviness on the model was poor 
and the sealed drag of the model without 
suction, as shown in Fig. 20, was consider- 
ably greater than that of a similar, but wave 
free, modei. Thus, by using a porous surface 
the adverse effects of waviness can be 
overcome and laminar flow can be obtained 
in conditions of waviness that are practicable 
on production aircraft wings. 

Porous suction experiments on a small 
wind tunnel scale have not been lacking in 
Great Britain and indeed the recent new 
interest in this subject has emanated from 
this country. The purpose behind these 
researches is similar to that in the U.S.A., 
although the possibility of reducing the drags 
of very thick wings with porous suction is 
being pursued. To indicate the gain in per- 
formance using a normal thickness porous 
wing, Table VII sets out the payload that 
can be carried on the large pusher aircraft 
type using a porous wing, compared with 
the basic tractor aircraft and the basic pusher 
type (type A) with laminar flow to 50 per 
cent. of the chord. 

It is seen that the gain to be obtained from 
using the porous wing is less than that to be 
obtained from delaying transition to 0.5 
chord, because of the structural weight 
penalty arising from the need to add a non- 
structural porous membrane. This weight 
increase is pessimistic and the net effect of 
using a porous wing is probably to allow the 
50 per cent. laminar flow gain to be possible, 
the extra drag decrease being counter- 
balanced by the weight increase. Thus, the 
conclusion must be reached that porous 
suction can only be a means of allowing the 


TABLE VII 


PAYLOAD CARRIED OVER 4,000 NAUTICAL MILES 
STILL-AIR RANGE 


| | Payload 

| | if empty 

| T Empty Actual weight is 
a Weight | Payload | same as 


| basic air- 
| craft 

| 


Tractor orthodox | 168,800 | 25,500 [ 25.500 | 


| 


| Pusher (laminar | | | 
" flow to 0.5 chord) | 173,300 | 49,000 | 53,500 


(Porous | 


Pusher 
| 192,300 | 40,000 | 64,500 


Suction) 
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maintenance of extensive laminar flow under 
practicable conditions. 

In order to do this some effort must be 
made, at once, to obtain a light alloy porous 
surface. At present, sintered materials can- 
not be fabricated in light alloy owing to 
oxidation during the sintering process, but 
if the need is sufficiently stressed, there is 
no doubt that some satisfactory method can 
be evolved. 


6. THE POSSIBILITY OF OBTAINING 
EXTENSIVE LAMINAR FLOW 


Although advancements of some consider- 
able magnitude can be obtained by attention 
to details, or by using the tailless principle, 
the majority of the advancements mentioned 
are tied up closely with the need to maintain 
laminar flow as far along the wing chord as 
possible. For this reason, it would be 
tantamount to shirking a duty, to conclude 
without attempting to make an assessment 
of the possibilities of obtaining such flow on 
large aircraft. The author realises that he is 
not fully aware of all the research going on 
to produce smooth wings, but the need for a 
good discussion on this aspect of the 
problem is so great that an incomplete review 
is attempted in the hope that the ensuing 
discussion will add to the general progress 
of smooth wing construction. 

There are two problems to be tackled; first 
that of obtaining laminar flow and secondly, 
that of keeping it. Thus, the wing must be 
made sufficiently free from waviness, rough- 
ness, and steps to allow extensive laminar 
flow under ideal conditions; then provision 
must be made to eliminate the effects of rain, 
mud and flies near the leading edge and the 
wing must be maintainable at a high level of 
finish from week to week and from year to 
year. 


6.1. SURFACE REQUIREMENTS 


The amount of waviness that can be 
tolerated without upsetting the laminar 
boundary layer has been fairly well 
established as a result of an extensive series 
of tests made at the Royal Aircraft Estab- 
lishment”*) on a Kingcobra aircraft which 
was progressively smoothed by filling and 
rubbing any undulations in the surface. 
Fig. 21 shows the variation of drag coefficient 
with lift coefficient obtained under the 
various conditions of smoothness. The 
lowest drags were obtained with a waviness 
of +0.001 inches, measured on a two inch 
curvature gauge. Similar conclusions were 
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drawn from tests on a Hurricane®) with 
specially constructed smooth wings, made 
by Sir W. G. Armstrong Whitworth Aircraft 
Ltd., who have been well to the fore in this 
type of research, and from various tests done 
in the United States of America during the 
past few years. 

The allowable tolerances on roughness, on 
steps in the profile, and on the size of 
individual protuberances are not so well 
established, but as mentioned in Section 
4.1.2, there is ample evidence to suggest that 
the limits of roughness with an unpainted, 
smooth painted and even a smooth camou- 
flage painted wing rubbed down with a wet 
emery cloth to remove the larger grains, is 
satisfactory. Thus, there is no real difficulty 
in getting down to the tolerance of 0.0005 
inch mentioned in Section 4.1.2. 

Tests made at the National Physical 
Laboratory"”) on the allowable limits to 
steps in the profile of the wing where two 
sheets join, suggest that, at high Reynolds 
numbers of 20-40 millions, steps of more 
than half a thousandth of an inch cannot be 
tolerated, whichever way the step faces. 

These figures on waviness were obtained 
on a fighter aircraft on which the wing 
Reynolds number would be expected to be 
much smaller than on the large aircraft that 
have been discussed in this paper. The 
Kingcobra tests extended to a Reynolds 
number of 18 millions, based on the full 
local chord or 8,500 based on 6*, the displace- 
ment thickness of the boundary layer at 
transition. Similarly, Dr. Von Doenhoff"* 
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states that transition has been delayed in 
American tests up to a boundary layer 
Reynolds number of 7,500, a slightly poorer 
figure than that obtained in this country. If 
a mean figure of 8,000 is taken for the 
critical with the above waviness toler- 
ances, Fig. 22 shows the maximum 
percentage chord over which laminar flow 
can be hoped for on the V.C.4 type of 
aircraft and on the long range _ types, 
orthodox, flying wing and suction flying 
wing. It is seen that, in spite of the sizes 
of the aircraft, the loss of density with height 
helps to keep the Reynolds number down 
and at 30,000 feet laminar flow to the 
desired extent is feasible, not only on the 
orthodox or the all wing aircraft, but also 
to 70 per cent. of the chord on the suction 
flying wing aircraft. Thus, there should be 
no difficulty in maintaining extensive laminar 
flow even on large aircraft at great heights 
with the tolerances mentioned in the previous 
paragraph. Less laminar flow will be possible 
at lower altitudes, but this does not matter 
on the orthodox or all-wing aircraft. It may 
present a serious defect on the suction type 
aircraft since the ducting arrangements will 
clearly need to be designed to cope with low 
altitude cruising with a much earlier 
transition. This can be overcome by restrict- 
ing speed below a certain altitude, but this 
adds one more operating limitation which 
must count against this type of aircraft 
layout. 


PRECENTAGE 
CHORD 


6.2. ACHIEVEMENT OF LAMINAR FLOW 


The ever-increasing speed of modern civil 
aircraft and the use of somewhat higher wing 
loadings, in general, are calling for increased 
skin thicknesses on the wings of orthodox 
aircraft while on flying wing or Delta air- 
craft, which require a lower wing loading, 
various types of sandwich construction are 
being proposed. Furthermore, thick sheets, 
particularly when rolled, do not possess any 
large amount of built-in waviness. Thus, 
wing design is moving forward in a direction 
favourable to producing wave free surfaces 
on the sheets themselves, and there should 
be no insuperable difficulty in meeting the 
required tolerances. Methods of smoothing 
rivets and the like are also well developed, 
so that this aspect should not prevent the 
development of extensive laminar flow on 
large aircraft. 


The prospect of matching one sheet to 
another satisfactorily, however, is a very 
different matter and it is extremely doubtful 
whether it is possible at all. This matching 
must be done along the whole span of the 
sheet, with less than half a thousandth of an 
inch step and, with no discontinuity in 
curvature. Furthermore, the gap between 
the skin must be made very small and filled 
with some material which does not deform 
when the wing is distorted under load. 


The existing tolerances on sheet metal are 
very wide and are shown in Table VIII®). 
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Variation of critical percentage chord with height 
for various types of aircraft. | 
Critical Rs* =8,000 at transition point. 
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TABLE VIII 


Skin Gauge | Up to 36” wide | Over 36” wide | 


—0.003 in. 


18 G 0.048”) | —0.002in. 
| +0.005in. | +0.006 in. 
12G(0.104”) | —0.004 in. | —0.006 in. 


+0.005in. | +0.006 in. 


Closer tolerances are now being proposed, 
but even specially rolled sheet is not 
expected to conform to limits less than half 
those of Table VIII, say +0.002 inches. Thus, 
each sheet will require packing along the 
whole of its span by trial and error until 
this step is always less than 0.0005 inch, or 
some grinding or milling process will be 
necessary to chamfer the edges to give a 
continuous profile. Whichever method is 
used, the surface must at the same time be 
finished to give little or no waviness across 
the join; unfortunately, continuity of profile, 
slope of profile and continuity in curvature 
are not as a rule complementary variables, 
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Typical plating schemes. 
Maximum plate size 12 ft. x 8 ft. 


All-wing thick suc- 


any grinding process tending automatically 
to produce flat regions, while local packin 
tends to produce a region of different curva. 
ture from the main sheet. Thus the author 
is driven to the conclusion that the problem 
of producing multi-sheet laminar flow wings 
is not yet solved, except for individual 
research test specimens and will not be 
solved until new methods of approach have 
been developed. 

The other alternative, that of painting the 
surface with successive coats of a filler paint 
and rubbing down until a smooth surface js 
obtained has been successfully accomplished 
on the Kingcobra'’’) and in this case showed 
good maintenance qualities over a period of 
six months, except at the skin joint, 
American experience of the durability, under 
service conditions, of painted surfaces has not 
been very promising, however and, in fact, 
is the main reason for the general pessimism 
(as expressed by Dr. Von Doenhoff''*)) on 
the ability to maintain laminar flow 
wings without very expensive maintenance 
schedules and consequently, poor utilisation 
times. 

It thus appears that, on civil aircraft, 
which have high utilisation and a life of ten 
years or more, the possibility of establishing 
and maintaining laminar flow over more than 
one chordwise sheet is extremely doubtful 
and, until new constructional techniques are 
evolved, the designer must be satisfied with 
one sheet length of laminar flow, the joint 
being made either at, or very near, the 
leading edge where the favourable pressure 
gradient is large and the waviness and step 
tolerance wider than in general. 

The size of plate which is available is thus 
of considerable importance and will usually 
determine the amount of laminar flow 
possible. At the moment the largest practical 
sheet size available in 14 gauge material is 
12 feet by 8 feet, while sheets 18 feet by 
6 feet are feasible by special order in the 
future. Fig. 23 shows the sheet geometry 
on the V.C.4, the Brabazon types and the 
tailless orthodox and suction aeroplanes with 
the former sheet size. It is seen that 
because of the trimming losses arising from 
the sweep of the leading edge, the Brabazon 
and the V.C.4 can be designed to give transi- 
tion to 40 per cent chord, or with the bigger 
sheets to 60 per cent. but that the normal 
tailless and the suction tailless aeroplanes 
cannot be expected to give transition farther 
aft than 15-20 per cent., or, at the most 30 


per ¢ 
conc 
flow 
aircr 
prod 
large 
wing 
metl 


| 
prac 
acce 
gual 
forv 
whe 
3 or f 
Thi 
bast 
futu 
slot 
of tl 
that 
bet\ 
slot 
min 
wal 
wit 
cen 
EN 
aut 
imt 
| 
BN 
a 
4 


rcent., with the bigger sheet. It must be 
concluded therefore that, while the laminar 
flow position is promising on the smaller 
aircraft types, the possibility of obtaining in 
production the required laminar flow on the 
large flying wing types, whether using suction 
wings or not, is negligible with the present 
methods of construction. 


6.3. MAINTENANCE OF LAMINAR FLOW 
WITH FLIES AND MUD PRESENT 


Mention was made in Section 5.2.2 that 
practical suction wings, in order to be 
acceptable, must incorporate means of 
guaranteeing that transition does not move 
forward in such emergency conditions as 
when flying through ice or rain, or when mud 
or flies have collected near the leading edge. 
This necessity, together with the arguments 
based on sheet sizes, make it imperative that 
future suction wings include auxiliary suction 
slots, or regions of porous suction, forward 
of the main slots. These should be so located 
that a single sheet encompasses the area in 
between the slots, any discontinuities at the 
sot or region of porous suction being 
minimised by the suction immediately for- 
ward of it, or aft. A practical wing 
construction which can be manufactured 
without serious weight penalties and which 
should be capable of allowing laminar flow 
to continue as far aft as required, say 70 per 
cent. of the chord, is shown in Fig. 24. 

This structural layout, which, as far as the 
author knows, is original, has the advantage 
of using porous suction in a form that is 
immediately practicable, eliminates  diffi- 
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culties with regard to sheet matching, and, 
last but by no means least, eliminates once 
and for all the bogey of flies and mud near 
the leading edge. Tests made at the National 
Physical Laboratory have shown that transi- 
tion to turbulence caused by protuberances 
near the leading edge can be localised by an 
auxiliary slot at about 15 per cent. and 
completely eliminated by porous suction over 
the nose. Fig. 25, which has been kindly 
supplied by the N.P.L., shows how a turbu- 
lent wake set up from a protuberance near 
the leading edge is absorbed into the slot 
with no wake whatsoever aft of the slot; 
Fig. 26°) shows how the same effect is 
achieved on a porous nosed wing. With 
this elaboration to the Griffith wing design, 
or, for that matter, to any laminar flow wing 
design, there is no reason why extensive 
laminar flow cannot be achieved, even on 
large production aircraft and the outstanding 
gains in payload and in aerodynamic clean- 
ness given in Section 5.2.2 achieved. 
Methods of preventing flies and mud from 
sticking to the wing surfaces are being 
developed at the Royal Aircraft Establish- 
ment, and it is hoped that in due course they 
will achieve considerable success. The 
other difficulties of plate joints and Reynolds 
number are so difficult to surmount, however, 
that the use of the “ porous region” wing 
still shows great advantages, and research on 
this type of construction should go ahead to 
determine whether a sufficiently satisfactory 
production system can be devised to 


guarantee extensive laminar flow on large 
wings either of normal, or thick Griffith, 
profiles. 


POROUS MATERIAL. 


MAIN DUCTS. 


Fig. 24. 
Section of an aerofoil having small areas of porous suction. 
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Fig. 25. 
Re-establishment of laminar flow by suction at a slot. 
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7. CONCLUSIONS 


It remains now for the conclusions drawn 
in this paper to be summarised. 


7.1. THE PAST 


(1) Aerodynamic cleanness in the past has 
resulted from two definite and separate 
ways, first by a basic change in concep- 
tion, and secondly by improvement in 
detail design. While the former gives 
the greatest overall gain, more attention 
should be given to the latter, since poor 
detail design can ruin the efficiency of 
modern jet air liners. 


7.2. THE PRESENT 
(2) Any percentage saving in drag on a jet 
air liner is between two and three times 
as valuable in payload as on a Con- 
stellation, for example. 


(3) Designers should strive for extensive 
laminar flow, since it gives by far the 
greatest potential gain of any individual 
item on orthodox aircraft. An appre- 
ciable loss of payload can _ occur, 
however, if the wrong type of laminar 
flow aerofoil section is chosen for the 
achieved transition position. Thus 
undue optimism in expecting far back 
transition is unwise. 


(4) Severe losses arise from high induced 
drag factors arising from poor nacelles, 
poorly designed boundary layer fences 
or high sweepback. Full assessment of 
the effect of these features, together with 
the drag effects of leading edge slats, or 
the like, should be made when the 
value of sweepback in increasing ‘the 
allowable speed of an air liner is 
examined. 


(5) Leakage and discontinuities in profile 
on controls can give rise to drag 
penalties which are severe and which 
should be taken into account when 
assessing the relative merits of manual 
and power-operated controls. 


(6) A well designed bubble cockpit can be 
designed to be little, if at all, inferior to 
the flush nose cabin. Thus the case 
for flush cabins is not anything like so 
strong as has hitherto been claimed. 


(7) Designing for good internal air flow is 
as important as good external design. 
For this reason, great attention should 
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be given to intake design. With wel] 
designed intakes, ram efficiencies ‘of 
over 95 per cent. are attainable, a 
marked improvement on the 80 to 85 
per cent. now existing on side intake 
aircraft. 


(8) Cabin pressurisation air, engine cooling 
air and other smaller items cause con- 
siderable losses in payload; thus good 
“inner cleanliness ” on an aircraft is as 
important to achieve as good external 
characteristics. For example, unneces- 
sary generosity in the air supply to the 
passengers can cause a loss of payload 
which is a substantial proportion of the 
whole. 


7.3. THE FUTURE 


(9) The setting up of extensive laminar flow 
on a production scale can give an 
extremely handsome bonus on conven- 
tional types of aircraft. On the long 
range aircraft (type A) examined in this 
paper, the attainment of laminar flow to 
50 per cent. of the chord allows the 
payload to be practically doubled for 
the design range. 


(10) Acceptance of the flying wing layout 
increases this gain by a further 50 per 
cent. This advantage, however, is closely 
associated with far back transition, and 
vanishes if leading edge transition is 
assumed. Tailless aircraft, at least in 
the analyses given in this paper, rely on 
extensive laminar flow for their super- 
iority. 

(11) Thin Griffith wings show no advantage 
over normal wings. Thick suction 
winged aircraft of orthodox layout 
present little if any advantages over 
normal pusher types with far back 
transition. The thick suction wing 
principle must, therefore, be associated 
essentially with flying wing layouts. 

(12) With transition at the slot on the flying 
wing suction aircraft examined, the 
available payload is quadrupled over 
the orthodox type, while the range for 
the design payload is increased from 
4,000 nautical miles to over 10,500 
nautical miles. 


(13) American work appreciates the over- 
riding significance of maintaiming 


laminar flow over and above the type of 
wing being used, and their researches 
appear to be based on this conclusion. 


(16) 


(17) 
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Thus they do not appear to be interested 
in Griffith wings until such time as 
laminar flow can be guaranteed in 
practice. 


(14) There is a case for the use of 30 or 40 


per cent. thick wings with auxiliary 
suction on the assumption that transi- 
tion, in practice, will always be near the 
leading edge. 


(15) The use of a porous wing to ensure 


extensive laminar flow shows a good 
gain in payload, although no greater 
than that if laminar flow can _ be 
achieved by the provision of a smooth 
wing. The allowable waviness using the 
porous wing is far greater than without 
it, however, and a porous surface may 
become advisable for this reason alone. 


7.4. LAMINAR FLOW OR NOT 


(16) While there is every possibility that 


individual sheets can be made suffi- 
ciently smooth to allow laminar flow to 
persist, the problem of eliminating steps 
and waviness at joints is insurmountable 
at the moment. Therefore it is best to 
aim at single sheet transition. This 
means that a good degree of laminar 
flow can be obtained on V.C.4 types but 
that the maximum limit on large tailless 
types is probably about 20-30 per cent. 
chord. 


(17) If transition cannot be kept to the slot, 


but only to 40 per cent. of the chord, 
there is littlke advantage in using the 
suction principle. It follows that a 
practical suction wing must have auxil- 
iary slots or a porous nose to eliminate 
the crippling effect of early transition in 
emergency cases. 


(18) Forward slots can eliminate the adverse 


effects of flies, mud or rain and for 
this reason must be considered in 
conjunction with laminar flow and 
suction wings. A sensible porous wing 
construction to do this can be produced 
which should not bear any great penalty 
in weight. 
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DISCUSSION 


W. G. A. Perring (Director, Royal Air- 
craft Establishment, Fellow): He agreed with 
the importance the lecturer had attached to 
detail design questions. In their way they 
were just as important as the more basic 
aerodynamic considerations that governed 
every design. 

A point which should be given more atten- 
tion was the induced drag factors, usually 
denoted by the symbol k. Mr. Richards had 
not dealt very fully with induced drag 
questions and had suggested values of k that 
were close to unity, whereas in point of fact 
the value of k could vary widely, and at 
speeds of 500 m.p.h. it was not uncommon to 
find k increasing rapidly with speed, and 
induced drag having a big effect on the over- 
all drag. 

There were two ways in which laminar 
flow could be preserved. The more direct 
way was to build the wing with the correct 
profile and achieve by design and in produc- 
tion the smoothness necessary for laminar 
flow to be established and maintained; the 
other way, which still required smooth wings, 
was to design the wing with slots and 
encourage laminar flow by the application 
of suction at those slots. Mr. Richards was 
right in emphasising that failure to maintain 
laminar flow back to the point for which 
the wing was designed, as a low drag section, 
would lead to disaster; while the aero- 
dynamicist could provide the right shape, 
failure to achieve it in production would 
lead to a worse result than would otherwise 
be possible with a more conventional wing 
section. 

From the point of view of manufacture, 
their experience with laminar flow wings had 
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been fairly disappointing and this emphasised 
the importance of getting their manufactur- 
ing methods right. A good laminar flow 
wing had been achieved at the Royal 
Aircraft Establishment only after consider- 
able rubbing down, filling and painting, and 
it was encouraging to note that this wing 
had retained its laminar flow properties for 
nearly a twelvemonth with fairly ordinary 
attention and maintenance; having achieved 
the necessary smoothness there was reason- 
able hope that the wing surface could be 
maintained. 

Internal aerodynamics was assuming as 
important a place as external aerodynamics. 
Not only were large quantities of air 
“inhaled” by the aeroplane, passed through 
the engines and discharged rearwards as a 
high velocity jet, but large quantities of air 
were also being taken into the aircraft for 
other purposes. Air was wanted for de-icing, 
for air conditioning pressure cabins, for oil 
cooling, cooling electric generators, and so 
on. On a suction wing aircraft quite large 
quantities would also be drawn into the wing 
through the slots, and quite apart from detail 
design of the slots to ensure the air was 
taken into the aircraft in the best possible 
way, the air had to be ducted through the 
aircraft and got out again in the right way. 
A great deal of energy could be lost in con- 
veying the air around corners or by forcing 
air through rapidly expanding and 


contracting passages. 

Mr Richards had given as a bad example 
an air intake of only 50 per cent. efficiency. 
The trouble was not so much in the entry, 
the entry efficiency was reasonable, but it 
was what happened when the air got into the 
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aeroplane; energy was lost through the air 
wandering around unnecessarily inside. 

The problem of internal aerodynamics 
demanded careful attention from designers. 

From the examples of suction given by 
Mr. Richards, the gains made possible by it 
were great, and the idea looked promising. 
Suction was being held out rather like a 
carrot to the donkey, and the question to be 
considered now was, would the donkey take 
it? Mr. Richards promised aircraft ranges 
of 10,000 miles or payloads of two to three 
times those carried at present. Had suction 
shown such promise 15 years ago, there 
would have been a great deal to be said for 
striving hard towards its achievement, but 
conditions had changed, and it was for con- 
sideration whether suction could be 
successful applied to an aircraft that was 
wanted today. The biggest gain would be 
with an all-wing aircraft. An all-wing 
aircraft even without suction had to be a 
large aircraft if it were to provide the space 
for a reasonable payload. It would be even 
bigger if it had to provide the extra space 
required for the increased payload promised 
by suction aircraft, and at the same time 
allow for the space taken up by the suction 
ducts. The wing must necessarily be thick, 
and the speeds at which such a thick wing 
could be flown would necessarily be low. 

Compressibility would prevent a wing of 
30 per cent. thickness being flown at speeds 
which were regarded as commonplace today. 
Since speed would be low they could not use 
jet engines—and the jet engine had done 
alot to clean up the aircraft of today. They 
would have to face up to restoring the 
propeller and using it as a pusher. A tractor 
was out of the question, because it would 
disturb the flow over the wing. On the 
other hand, with a pusher on a swept-back 
wing, there would be difficulty because of the 
propellers having to work in the wing wake 
and in the flap wake when landing, and from 
all the evidence he had, this was no easy 
problem. 

He doubted whether the suction wing 
flying at a relatively low speed and in the 
manner he had indicated, would be a very 
attractive passenger-carrying aircraft. The 
slow speed flying wing might be exploited as 
a long range transport aircraft, but he was 
doubtful if they would ever see it as a 
passenger-carrying aircraft. 


S. Scott Hall (D.G.T.D. Ministry of 
Supply, Fellow): In considering special 


aspects of aircraft design, such as the one 
under discussion, they should keep the 
objectives of the aeroplane clearly in view. 
He thought that even to contemplate cutting 
down the supply of air to passengers because 
it was detrimental to aerodynamic efficiency 
was the wrong attitude. Mr. Richards had 
spoken of sacrificing payload by being over- 
generous with fresh air. He thought that as 
a passenger he would look at the sacrifice 
another way if he realised that he had to 
sit for six, seven or eight hours with a barely 
sufficient supply of fresh air. Again, would 
passengers be comfortable in an _all-wing 
aircraft packed in two-decker sandwiches 
providing 7 ft. of headroom? 


He wondered how they were to make use 
of the advantages claimed for the suction 
wing, for probably nobody really wanted to 
fly 10,000 miles in one hop at what, by 
modern standards, was only a moderate 
speed. There was much talk about suction 
nowadays, but what was the real position? 
He had seen a lot of model work in wind 
tunnels, but the building of experimental 
aircraft at full scale seemed to be extremely 
slow starting. He was interested, therefore, 
in the work that was being conducted in 
Australia, and he wondered whether the 
author could say more about it. 

In Fig. 1 in the paper there was a good 
deal of scatter of the points relating to turbo- 
jet aircraft; did the spots through which the 
author had drawn the curves include those 
relating to aircraft which were really con- 
versions of other aircraft? If so, was it quite 
fair to include them? 

Would Mr. Richards confirm that it was 
more expensive, aerodynamically, to pressur- 
ise cabins by tapping the main engine than to 
provide independent blowers? The matter 
was one of extreme interest at the present 
time. 


R. W. Cumming (C.S.I.R. Australia): In 
1946, at the Commonwealth Aeronautical 
Advisory Research Council meeting in 
London, Australia had undertaken the job 
of developing a thick suction wing up to the 
stage of flight testing. They had only a 
small team available for the work in 
Australia, and so had decided to do the job 
on a small and simple scale. They had 
confined themselves entirely to trying to get 
a Griffith wing into the air, so as to learn 
something of the problems of flying that 
type; they had taken a military glider, 
designed and built during the war and of 
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which there were a few available, and had 
substituted the thick suction wing for the 
existing orthodox wing. 

They had chosen the moderately thick 
section of 31.5 per cent., with a single slot 
on the top surface. After some wind tunnel 
tests it was found necessary to do a fair 
amount of modifying to the profile, and 
quite a lot of work in developing a suitable 
slot entry for the suction. The wind tunnel 
work occupied some nine months or so, 
after which they had built the wing, which 
had now been flying for about a year. The 
wing was of about 50 ft. span, with a chord 
of 8 ft. over the centre section, tapering to 
about 3 ft. at the tip. The all-up weight of 
the glider was about 4,000 Ib.; it carried a 
pilot and observer, and an engine driving 
a single-stage blower to provide the suction, 
as well as instruments for measuring pressure 
distributions, drag coefficients, and so on. 

They were now just beginning to obtain 
results. The drags measured were very low 
indeed. Even though the wing was of ortho- 
dox construction, with a waviness about 
seven times that mentioned by Mr. Richards, 
they were getting the laminar flow on the 
top surface back about 60 per cent. of the 
chord. No trouble was experienced with 
the laminar flow, apart from that due to flies 
on the leading edge; that trouble was dealt 
with temporarily by wrapping paper around 
the leading edge of the wing and removing 
it when at a height above the flies. At the 
moment they were working out means of 
testing one of those wings with an auxiliary 
slot near the leading edge to re-establish 
laminar flow behind the flies along the lines 
of recent tests at the National Physical 
Laboratory. 

The measured top surface drag, apart from 
the suction required, was about 0.0005, that 
of the lower surface was about 0.0015, giving 
a total drag coefficient of about 0.003. They 
were not in a position to give the equivalent 
drag coefficient for the suction; but the 
figures for the total drag, including the 
suction drag, should be of about the same 
order as for an ordinary orthodox wing of 
less than half the thickness. 

They hoped to be in a position to publish 
the figures before very long on the economics 
of these wings. 

A. E. Russell (Chief Designer, Aircraft 
Division, Bristol Aeroplane Co. Ltd., 
Fellow): In the early part of the paper the 
author had rightly drawn attention to the 
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importance of increments of drag from 
various sources and their effect on range and 
payload. That could be demonstrated more 
simply and clearly by the use of the Brequet 
formula. With a cruising procedure normally 
adopted for turbine-engined aircraft, namely, 
flight at constant lift coefficient, the formula 
had the advantage of being exact; therefore, 
any changes in either drag, weight or range 
could be related one to the other. The 
formula was simple, but, inasmuch as it was 
old, perhaps 1t was overlooked too frequently 
in these days. 

Would Mr. Richards say how the B, 
induced drag figures were obtained? 

Attention had rightly been directed to the 
question of laminar flow, but there was also 
an indirect method by which drag could be 
reduced. If the wing loading were pushed 
up, the aspect ratio could be pushed up at 
the same time; the difficulties of meeting the 
aeroelastic criterion , were lessened by a 
combination of high wing loading and high 
aspect ratio. If range and payload were 
the important characteristics and not altitude, 
that offered a more efficient solution, and he 
believed that in a general way many 
American aircraft trends were in_ that 
direction. 


C. F. Toms (Bristol Aeroplane Co. Ltd., 
Associate): He wished to quarrel with Mr. 
Richards on the figures in Table II for the 
effect of a one per cent. rise in Cy, on the 
V.C.4 design. He had recently been 
examining the cruising performance problem 
for aeroplanes of that type and, assuming 
that a flight was made at constant lift coeffi- 
cient and constant true air speed (i.e. with 
altitude increasing as fuel was consumed, so 
that weight was proportional to density), he 
had obtained an expression for the effect of 
a change in Cy, by which he estimated that 
a rise of one per cent. in its value would 
result in a reduction of 12 nautical miles 
only in range, for an initial range of 3,000 
nautical miles. His expression assumed that 
the cruising C,;, was maintained independently 


-of the value of Cp, but changes in cruising 


altitude and in speed also resulted from a 
change in Cy, The value he quoted 


assumed that the aeroplane was cruising at 
1.13 times minimum drag speed, which ratio 
he had tentatively deduced from the data 
given in Table I. 

Accepting for a moment Mr. Richards’ 
value of — 27.3 nautical miles for a one per 
cent. rise in Cp, and assuming a figure of 
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Fig. A. 
Unswept and sheared wings: Taper ratio=3.75:1 
Aspect ratio= 6.0 
Area =S§ 


Yawed wing (— - — -) 
Modified thus at tip & root: Taper ratio3.75:1 


Aspect ratio=5.4 
Area 


sec A=Sec 25°X.1.10 6.0+5.4=1.117 Sec A 


50,000 Ib. for the fuel required for 3,000 
nautical miles (which he had also arrived at 
by a bit of “ guesstimating” from Table 1), 
it appeared that the change in payload to 
maintain constant range if Cp, rose by one 
per cent. should be approximately : 


27:3. 50,000= 450 Ib 

3000 

That was roughly twice Mr. Richards’ value. 
He suggested, therefore, that - 12 nautical 
miles —200 Ib were more probable values. 

If Mr. Richards stood by his 27.3 miles, 
the specific consumption of his engine must, 
it seemed, be remarkable! 

Similarly, he estimated that a one per 
cent. rise on Cy, would result in a fall in 
speed of only about 55 per cent. of the 
values given in Table III. 

He would like Mr. Richards’ comments 
on his inferences as to the values of m (1.13) 
and Cy, (0.0135) for the V.C.4 design. 

On the effect of sweepback on the induced 
drag factor, it seemed that the ratios given 
by Fig. 4 were approximately the square of 
the values given by Driggs in Ref. 6, and 
were nearly equal to sec A. In view of Mr. 
Richards’ comment on that curve it would 
appear that he considered the values given 
by Driggs in his paper to be more reason- 
able; but perhaps even those values were 
too high. If a swept wing had a plan form 
and twist which were such that the loading 
was elliptic at a particular value of C;—as 


appeared feasible-—was not the factor then 
unity? 

The resolution of that matter was of great 
importance. 

Figure A showed three wings of the 
properties given in Table I of Mr. Richards’ 
paper; one was unswept, and two were swept 
at 25° on the (c/4) line. One of the latter 
had been produced by shearing the unswept 
wing, and the other by yawing it 
about the mid-point of the root chord 
so that both had the same _ sweepback. 
The root and tip portions of the yawed wing 
had been adjusted to a practicable shape, as 
per the dotted lines, giving a plan form a b 
c d. The two swept wings had nearly the 
same area, but the spans and mean chords 
were different, and it was seen that 


A unswept 6.0 _ 


and that was about the value given by Mr. 
Richards in Fig. 4. Was it not possible that 
the idea that sweepback gave a value of 
K «+ Sec \ was based on the assumption 
that swept wings were produced by yawing 
unswept wings, and that the factor was really 
a way of allowing for the change in aspect 
ratio which then occurred? 


H. Giddings (Bristol Aeroplane Co. Ltd., 
Assoc. Fellow): Considering the type of 
aeroplane discussed, and the sort of range, 
the structural weight in a bad design might 
be expected to be about 29 per cent. of the 
all-up weight, and with an extremely good 
design about 24 per cent. That represented 
a difference of 5 per cent. and a change in 
structure weight of some 6,000 lb. The 
structural engineer would introduce all sorts 
of complications and go to a lot of tests to 
achieve that difference of 6,000 Ib.; but it 
seemed rather obvious, from the examples 
shown by Mr. Richards, that it was 
extremely easy to lose or gain that amount 
of payload by bad or good aerodynamic 
design. Looking over the shoulder of the 
structures designer all the time there was the 
weight engineer with his system of weight 
control; perhaps there might be a drag 
engineer watching over the aerodynamicist, 
and a system of drag control. 

Mr. Richards had not stated whether the 
figures he had given for flush riveting 
represented a completely flush riveted fuse- 
lage. Would the savings quoted be achieved 
if the first 10 per cent. were flush riveted? 
Leaving out esthetic considerations, that 
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would mean a great saving in the cost and 
trouble of manufacture. 

He felt that the structural weight saving 
which was said to be associated with the 
high thickness chord ratio of the thick 
suction wing was probably a little overdone. 
For the particular example shown he would 
suggest, aS a rough estimate, a possible 
weight saving of only some 300-400 Ib. 


G. R, Edwards (Chief Designer, Vickers- 
Armstrongs, Weybridge, Fellow): Mr. 
Richards was right in emphasising that the 
standard of detailed design in aerodynamics 
must be increased, and in every part of the 
aeroplane; if he were not the first to 
emphasise it, he had stated in very definite 
fashion the gain that could be earned by 
doing so. There was much to be said for 
it also in other branches of engineering; 
more people had been killed as the result of 
pipes breaking, and things of that sort, than 
from the basic conception of the aeroplane 
being wrong. 

Mr. Richards had not mentioned the 
powers required to provide the suction; but 
that was always one of the points of argu- 
ment about the attractive device of suction. 
What did Mr. Richards think would be the 
power required for that purpose on, say, a 
100,000 Ib. aeroplane? 

He agreed that nobody really wanted to 
fly 10,000 miles in one hop; but they had not 
just to put in fuel to make up the weight. 
They could leave out the structure so that 
there was less weight, and still get the same 
sort of result. 

In America they went in for high wing 
loadings and high aspect ratios combined 
with high sweepback, and they experienced 
a fair amount of trouble. British practice 
had been in the opposite direction in general; 
for example the “Comet,” and some of those 
who had had access to what occurred in both 
types, veered firmly away from high wing 
loadings and high aspect ratios, perticularly 
on high-altitude aeroplanes. 

The Americans were also going to a lot 
of trouble to achieve a wing finish which 
might help very much the solution of the 
laminar flow problem. He had noticed in 
works there some complicated machine tools 
designed for machining the outside of the 
wing structure as something like a solid face; 
even a plate 14 in. thick was having 80 or 
90 per cent. machined away, but they were 
leaving a waviness criterion of the order to 
which Mr. Richards had referred. It meant 
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that a lot of riveting and cleats and odd 
pieces were not wanted. The trend towards 
making a wing from a solid bar, instead of 
from a lot of bits of plate, was something 
they could not ignore. 

They might be in danger, with the suction 
wing, of getting into the same state as had 
the Americans when they had “ talked them. 
selves out” against the application of jets 
and propeller-turbines to civil aeroplanes, 
They had written copious papers on the 
subject, and then had been astonished when 
they had found that in Great Britain it had 
been done. It would be a great pity if things 
went the other way with the suction wing; if 
they said they could not achieve the suction 
wing and laminar flow, and then found that 
the Americans had done so. He had heard 
it said that their technique in Great Britain 
was first to do something and to argue about 
it afterwards; he suggested that they were 
not living up to that self-imposed tradition. 


J. Seddon (Royal Aircraft Establishment, 
Assoc. Fellow), contributed: Some qualifica- 
tion of the remarks on air intake efficiency 
was desirable. In making comparisons 
between the results for various intake forms 
shown in Fig. 8, it was essential to know 
whether the engine was of the plenum 
chamber type or not, and to distinguish 
between losses associated with the particular 
form of intake and the very considerable 
losses normally associated with a plenum 
chamber. Thus, comparing the wing root 
and wing leading edge designs shown in the 
third and fourth sketches, there was no 
difference in the properties of entry or duct 
which could account for a 20 per cent. 
change in efficiency. It was merely that the 
example selected to typify the wing root 
entry was in fact a plenum chamber installa- 
tion, whereas the leading edge entry in the 
fourth sketch was applied to an axial engine 
with fully ducted intake. | Under similar 
conditions, the two forms of entry would 
give practically identical results. Thus, for 
example, they knew that the standard 
Vampire intake, which was of type 3, had 
an efficiency around 95 per cent. 

In the same way, the results for side and 
submerged entries in sketches 5 and 6 were 
not directly comparable, since the former was 
a plenum chamber case whereas the latter 
was not. In point of fact the efficiency of 
the side entry, as measured at the end of the 
duct before the plenum chamber, was 90-92 
per cent., i.e. almost identical with that of 
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the submerged intake. This comparison 
yelped to put the NACA-type submerged 
intake into proper perspective. It was not 
, scheme which, by making use of some 
fundamental advance in the principles of 
jow, could give them greatly improved 
internal efficiencies in the future. The ramp- 
ype approach of the submerged entry was a 
device for diverting a proportion of the for- 
yard boundary layer away from the duct, 
ad as such should be regarded as an 
ilternative to a well-designed by-pass duct 
uch as Was now in fairly common use. The 
choice between the two methods was a 
matter for deciding on practical grounds in 
2 particular case. The submerged intake 
night have advantages in low external drag 
and high critical Mach number, but this 
remained to be proved. 


A. E. Woodward-Nutt (Ministry of Supply, 
Fellow), contributed: Mr. Richards’ eighteen 
wnclusions were likely to be food for con- 
siderable argument for many years to come. 

No discussion on aerodynamic cleanness 
was complete without a reference to the work 
af Sir Melvill Jones, and although this was 
n0t mentioned in the printed paper he was 
gad that the lecturer referred to it verbally. 
In the discussion following Sir Melvill Jones’ 
paper to the Society in January 1929 on “ The 
Streamlined Aeroplane,” Mr. C. C. Walker 
uid that the ordinary commercial aeroplanes 
of that time attained from 60 to 65 per cent. 
of Melviil Jones’ “streamline speed,” that 
was the speed attainable if the ideal drag were 
realised, taking the available power and 
propeller efficiency into account. In an aero- 
plane specially designed for racing, a little 
over 80 per cent. of the “ streamline speed ” 
had been attained. On the same basis, a 
rough calculation showed that aircraft such 
as the Consteliation and Brabazon reached 
vetween 85 and 90 per cent. of the “ stream- 
line speed.” Since those aircraft still used 
reciprocating engines with propellers, this 
gave an indication of twenty years’ progress 
towards aerodynamic cleanness. 

Mr. Richards’ remarks about suction on 
wings and on the increase of drag due to the 
internal air flow through bodies, coupled 
with his dire warnings against giving the 
Passengers too much air to breathe, gave him 
the somewhat wild idea that they ought to be 
able to make the most of both worlds. Why 
should not an ingenious method be found by 
Which the air necessary for pressurisation and 
ventilation could be sucked in and blown out 


in such a way as to change the flow over the 
body from turbulent to laminar? 

The importance of using flush riveting had 
been mentioned, but he was surprised that 
Mr. Richards made no reference to the metal- 
to-metal bonding processes, such as Redux. 
This process was already used with success on 
existing aircraft. 

Also, Mr. Richards did not mention the 
importance of a good body/wing junction, in 
obtaining low drag. Was this because he 
thought that the problem of attaining such a 
junction, with or without fillets, had now been 
satisfactorily solved? 

Recent measurements of noise in jet- 
engined civil aircraft had drawn attention 
very forcibly to the importance of clean 
design. It had been found that in most parts 
of the cabin the passage of air past the 
aircraft had produced a higher noise level 
than had the engines. The exception was 
that part of the cabin aft of the jet pipe. 


Handel Davies (Royal Aircraft Establish- 
ment, Fellow), contributed: Mr. Richards had 
emphasised the extreme difficulties of achiev- 
ing the necessary standard of surface finish in 
production, particularly on large aircraft, 
and of maintaining this surface in operation. 
Experience of the latter problem at the Royal 
Aircraft Establishment had certainly not 
encouraged any optimism. The method of 
preventing contamination during take-off by 
covering the forward part of the wing with 
paper which was later jettisoned was success- 
fully employed on a small scale, while the 
method of spraying the wing with a camphor 
solution, although not successful in the first 
and only test made so far, showed good 
promise. The practical difficulties of apply- 
ing either of those methods to a civil aircraft 
under normal operating conditions would be 
great; and neither method could be used to 
prevent contamination during landing, so that 
a cleaning operation would be necessary at 
each stop—no mean task, with an area of 
perhaps 1,000 sq. ft. to clean, and remember- 
ing that one fly could often be quite difficult 
to remove. 

Mr. Richards had suggested the alternative 
of forward slots to re-establish the laminar 
boundary layer. The trouble about any of 
those methods was that they must be 
absolutely guaranteed never to fail, otherwise 
no operator would take the risk involved of 
being forced down into the sea, owing per- 
haps to a partial failure of the suction. He 
did not believe any scheme involving porous 


177 


odd 
ards 4 
d of 
hing 
tion 
had 
1em- 
jets 
nes, 
the 
yhen 
had 
if 
tion 
that 
tain 
out 
vere 
ion. 
ent, 
ica- 
ncy 
ons 
10W 
um 
ilar 
ible 
oot 
the 
no = 
uct 
ont, 
oot 
la- 
the 
ine 
lar 
uld 
for 
ard 
ad By 
nd 
yas 
ter 
of 
he 


DISCUSSION 


or distributed suction could be made to fulfil 
this requirement. He was even doubtful of 
a simple slot arrangement in that respect, but 
would like to have the lecturer’s opinion. 

The rise in the so-called induced drag 
factor associated with sweepback was a point 
urgently needing further investigation, Until 
recently he had hoped that the increase 
(which was based on wind tunnel tests) would 
not be fully confirmed at full scale. Recent 
experience in flight, however, did not appear 
to support that. 


N. E. Rowe (British European Airways, 
Fellow), contributed: Mr. Richards made it 
clear that for high speed civil air transport 
there was at this time no expectation of a 
major advance in drag reduction, although a 
great deal might be done by attention to 
detail. 

On the other hand, by the use of wings 
about 30 per cent. thickness/chord ratio and 
the means to ensure a far-back transition of 
the turbulent boundary layer, it was possible 
to make a great step forward in aerodynamic 
cleanness. The important point was that an 
aircraft with such wings would not fly at 
high speeds, and propulsion would be by 
propeller or other means, and the wings must 
be kept as free as possible from slipstream 
effects. 

The difficulties inherent in those basic 
assumptions had been mentioned, but he 
agreed with the lecturer that if this were the 
direction to go for a major advance in aero- 
dynamic cleanness, then the difficulties must 
be faced. Would the ducted fan be a possible 
application? That would enable the area of 
wing covered by slipstream to be greatly 
reduced and so improve aerodynamic clean- 
ness. 

From his reading of the paper, the payload 
might be doubled with the thick suction wing 
for the same airframe weight as compared 
with a wing having normal transition, but 
presumably the cruising speed compared with 
the high speed machine might be reduced by 
25-30 per cent. to keep below the critical 
Mach number. This would still lead to an 
increase of 50 per cent. in ton/mites per hour 
of payload compared with the jet-propelled 
aircraft. Fig. 19 seemed to be significant in 
this regard. 

This suggested that there might be an 
optimum speed to give maximum ton/miles 
per hour. The fact that propellers must be 
used might have the advantage of giving 
lower heights for cruising and the possibility 
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of using higher wing loadings than were now 
possible on jet-propelled aircraft. 

There seemed to be so much promise in this 
approach that a great effort should be made 


to produce full-scale data on thick wings with} £ 


far-back transition as soon as possible. Ip 
fact this seemed to be the primary need if 
development were to proceed along those 
lines. 


A. Fage (National Physical Laboratory, 
Fellow), contributed: A series of ten educa- 
tional lectures on different aeronautical 
subjects was given, under the auspices of the 
Society, to people engaged on aircraft pro. 
duction at Bristol and ten other centres of the 
Aircraft Industry about 32 years ago. The 


Syllabus included “ The History and Develop-| ¢ 


ment of the Aeroplane” by F. M. Green, 
giving, in the words of the notice issued at 


that time, “the historical milestones in the}: 
evolution of the aeroplane and the intro-[s 
duction to the first principles of flight,” and]: 
Modern Aeroplane ” by F. S. Barnwell,} : 


giving “ the types and their performances and 
probable lines of development.” He was the 


lecturer on “ The Airscrew.” Photographs off: 


aircraft taken in those days, about 32 years 
ago, showed that very little attention, if any, 


was then given to aircraft cleanness, but now; 


it was quite a different story. 

The part of the paper in which he was 
particularly interested was that which dealt 
with the Griffith thick low-drag suction wing, 


for a great deal of research work on that andj. 
kindred subjects had been done at the Aero-f, 


dynamics Division of the National Physical 
Laboratory during the past six years. Th 


early part of that work had been fully "8 


described in Professor Goldstein’s 1947 


Wright Brothers lecture. Mr. Richards, who}’ 


at one time worked with Professor Goldstein 
and was later in charge of the work, knev 


the full story from beginning to end and had 


made good use of it in his paper. 


The research work that had been done 


the N.P.L. and at the Division of Aeronautics 
C.S.LR., Australia, had indicated the aero- 
dynamic possibilities of a Griffith thick flying 
wing aircraft but, as everyone fully realised, 
difficult engineering and flight problems 


engir 


would confront the designer in a_ practical dyna 


application and more research, particularly 
for flight conditions, would be needed to solve 
them. Apart from the outstanding problem 
associated with the maintenance of extensivt 
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eficient duct system and its associated power 
plant, the provision of adequate aircraft con- 
trol, particularly in the event of engine failure, 
would demand close attention if the large 
gins estimated in Mr. Richards’ paper were 
0 be realised in practice. It would be of 
interest to know what duct efficiency was 
ken in the estimation of the effective profile 
drag of the Griffith wings selected for analysis. 


Dr. R. C. Pankhurst (National Physical 
laboratory. Assoc. Fellow), contributed: He 
was glad that aircraft designers were now 
ieginning to face the engineering difficulties 
sociated with the practical application of 
poundary layer suction, as he felt that the 
ubject had reached the stage at which suffi- 
cient data of a general nature had been 
accumulated to enable design studies, such as 
those reported in Mr. Richards’ paper, to be 
made. Clearly those performance estimates 
should be made by the designers rather 
than those concerned with the fundamental 
research aspects of fluid dynamics, 


Further flight research was needed. In 
Great Britain there had been little progress 
inthis field comparable with that in Australia, 
although theoretical and wind tunnel investi- 
ations had been vigorously pursued at the 
\.P.L. and elsewhere for several years, and 
were being continued. Besides the work on 
the attainment of low drag, a good deal of 
efort was also directed to other applications 
of boundary layer control, such as_ the 
improvement of the stalling characteristics of 
thin wings. 

As the power economy of low-drag suction 
wings depended considerably on the energy 
losses in the ducts, he would be interested in 
Mr. Richards’ views on the duct losses likely 
0 be incurred in practical installations. In 
ducting for two-dimensional aerofoils in the 
laboratory, the loss of dynamic head could be 
reduced to below 0.2 of the dynamic pressure 
in the slot throat. 


He endorsed Mr. Richards’ plea for 
research into methods of porous construction, 
although this might not necessarily take the 
form of sintered metal. This too was an 
‘gineering problem, the principal aero- 
dynamic requirements being that the distance 
between the interstices should be small com- 
pared with the thickness of the boundary 
layer, while the resistance to the suction flow 
should not become excessive or pump power 
would be wasted in restoring the total head 
of the sucked air. On the other hand, too 


low a resistance to the suction flow would lead 
to a large spanwise variation in the suction 
flow, and probably to local outflow in the 
region of peak suction in the external pressure 
distribution over the surface of the aerofoil, 
unless the resistance was suitably graded or 
the suction chamber divided into several 
compartments. In addition to those require- 
ments, attention would have to be paid to 
strength, weight and bending qualities in 
relation to surface curvature. The material 
should also be non-corrosive; and if clogging 
by dirt proved to be appreciable in oper- 
ational conditions, methods of cleaning would 
have to be devised. He thought that the 
possibilities of suction through a porous sur- 
face were sufficiently promising for those 
practical problems to be thought about quite 
seriously. 


J. F. Foss (Chief Aerodynamicist, Airspeed 
Ltd., Assoc. Fellow), contributed: In order to 
demonstrate the magnitude of the possible 
saving from this or that improvement in 
cleanness Mr. Richards had chosen the kind 
of aircraft in which cleanness was generally 
accepted as of paramount importance, 
namely, a very high speed, very long range 
aeroplane. By this means he had shown 
savings which sounded so great that they 
compelied a designer’s attention. 

But in the British Civil Air Transport 
business in 1948 less than a quarter of the 
ton/miles carried was carried across oceans 
demanding sufficient range for a stage length 
exceeding say 1,500 miles. Of the British 
Commonwealth traffic it was less than 15 per 
cent. and if the world’s air traffic were con- 
sidered, and even more so the world’s potential 
air traffic, the fraction which was operated 
over distances of the order of which Mr. 
Richards spoke might even be as low as 10 
per cent. He did not suggest that this 
diminished the truth of what Mr. Richards 
had said but it did rather restrict the field in 
which that truth applied. 

It was clear that there was still an immense 
field for air transport over short and medium 
ranges and he doubted whether super high 
speed over stages of even 500 miles would be 
considered by a majority of passengers as 
worth paying a great deal more for, because 
a difference of 100 miles per hour was only 
going to save a passenger 15 minutes in a 
journey which would take him at least two 
hours from door to door and most people did 
not suddenly decide to make a 500 mile 
journey. 
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To the operator there was more advantage 
in high speed than there was to the passenger 
because the operator could move more traffic 
for a given expense under all those headings 
which were constant hourly expenses. But 
fuel was not a constant hourly expense and 
high speeds were always expensive per mile 
in fuel; all that could be done by “cleaning 
up,” as they knew it to-day, would only 
diminish the increase in cost with increase in 
speed but never turn it into a decrease. From 
the figures in Mr. Richards’ Table I, he 
deduced a weight of fuel required per still-air 
mile as 1.4 lb. per 1,000 Ib. of payload. 

He thought therefore that in a discussion 
on Aerodynamic Cleanness it would be doing 
less than justice to the subject if they did not 
mention one of the most marked advances 
which had been made in this subject in the 
last decade and particularly in the sphere of 
lower speeds and shorter ranges in which, 
although it did handle the bulk of the world’s 
air traffic, the savings due to aerodynamic 
cleanness were not so spectacular as those 
which Mr. Richards had quoted. 

An aeroplane which, in its class, was one 
of the cleanest, if not the cleanest in the 
world to-day, was the Ambassador. It had 
the supposedly dead (but very unwilling to 
die) piston engines, and it could be a lot 
cleaner still if it had buried engines and if 
they could do away with, or hide, the under- 
carriage where it would not cause any bulge 
at all, but even as it was the L/D curve (Fig. 
B), drawn from flight results based on torque- 
meter powers, was outstanding and at its 
maximum was 25 per cent. better than that 
of its nearest American contemporary type. 

The profile drag, including cooling, was 
248 lb. at 100 ft./sec. and this represented a 
drag only 1.4 times that of a turbulent flat 
plate. Plotted on Mr. Richards’ Fig. 1 this 
point would be below the line marked 

“ turbo-jet ” and far below any other piston- 
engined type. 

In consequence of this low drag the 
Ambassador required only 0.3 Ib. of fuel per 
still-air mile per 1,000 Ib. of payload at 230 
m.p.h. 

Its payload over stage distances of 400 
miles and beyond, in fact, was-a higher per- 
centage of its all-up weight than that of more 
highly loaded, competive U.S.A. aircraft. For 
example the Ambassador payload for a 400 
miles stage distance was 28 per cent. higher 
than that of the Convair 240 when both were 
operated at the same stage speed. 
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Ambassador G-AGUA with Centaurus 631 engi 

Drag with both engines operating. 

Drag in terms of L/D obtained by analysis of lk 

speed and partial climb flight test observatio 

Engine powers: Measured by torquemeters, 


Propellers: XPB-53362. Efficiency estimated us 
S.B.A.C. method and detailed in A.B. 11/37 Is. 


S. §. Schaetzel, Graduate, contributed: 


While he agreed with the author about the] 


advisability of using the potential energy of 
the pressurised air, he questioned the figure 
of 700 Ib. quoted as saved by using ful 
ejectors, 

It could be shown by a more detailed 
analysis that the energy recovered in this way, 
in ideal conditions, was only about 20 to 30 
per cent. of the original input. 

Furthermore, this percentage could be 


obtained oniy by using ejectors having}, 


variable area nozzles, providing a variation 
of area in the ratio of about 4:1. With 
nozzles having a fixed area, dictated by 
requirements of low residual cabin pressure 
prior to landing, no thrust was obtained in 
cruising conditions. . 

Using the data of the aircraft mentioned in 
the lecture and assuming the following:— 

Cabin altitude (cruising at 40,000 ft.)= 
8,000 ft. 

Cabin temperature=24°C. (mean value, 
B.O.A.C. requirements). 

Cruising time=7 hours. 

Number of passengers= 50. 

Fresh air supply=75 Ib./min, (i.e. 1.5 Ib! 
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in,/passenger, which was actually about 50 
pet cent. more than current practice). 
Assuming no leakage and no losses at the 
charge valves, and using a converging 
jozzle to discharge air backwards (design of 
, converging-diverging nozzle of variable 
(oat area was, to say the least, difficult), the 
jwzle would be choked and the thrust would 
wnsist of velocity thrust together with pres- 
wre thrust on the choked nozzle. 
Temperature after expansion: 255°K=T,,. 
Assuming adiabatic efficiency of 95 per 
gent. 


42.0 
44.2°C 
hence 
V.= 1042 fps. 


Since corresponding p,=0.0378 Ib./cu. ft. 


herefore the nozzle area required is 


12 


1042 0.0318 sq. ft. =4.58 sq. in. 


31 engisg Velocity thrust per 1b. of air 
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1042 — 735 
= 9.55 Ib./Ib. 


And the total velocity thrust= 11.95 Ib. 
Pressure thrust on choked nozzle= 
P,- P, x Ag. 
Giving a pressure thrust of 
371 x 4.58 =17.3 Ib. 

The total thrust therefore was 29.25 Ib. 
(which was about 94 per cent. of the thrust 
obtained using full expansion). 

Assuming a fuel consumption of 1 Ib./Ib. 
ihrust and taking a seven hour cruise:— 
Weight of fuel saved = 1 x 7 x 29.25=205 Ib. 


In these calculations no leakage losses had 
teen assumed and no account had been taken 
of losses occurring at the discharge valve. 
Including those losses the weight saved would 
te reduced to about 70 per cent. of the calcu- 
ted value, i.e. to about 143 Ib. 


As mentioned previously, the minimum 
wailable area at the discharge valve was 
dictated by low altitude requirements, such 
a8 low residual pressure prior to complete 
pressure release before landing. In the above 
case, assuming a residual pressure of 4’’ W.G., 
the area required would be about 18 sq. in. 
The variable nozzle therefore would have to 
provide a variation in area of about 4:1. 

The fact that only about 40 e.h.p. out of 
about 150 h.p., expended to pressurise and 
teat the cabin air, were recovered could be 
‘xplained by the following:— 


1. Relatively inefficient way of extracting 
energy from air. (Ejecting relatively 
cold air at low specific thrust.) 

2. Heat losses of the whole aircraft, the 
heat being supplied by the cabin air. In 
the above condition the heat losses 
would be equivalent to about 670 C.H.U./ 
min. (i.e. about 29 h.p.), thus diminish- 
ing the potential energy of the cabin air. 

Although it was obvious that efforts should 
be made to recover as much power as possible 
from the amount used in air conditioning, it 
followed from those considerations that the 
thrust recovery could be a paying proposition 
only in case of very long range aircraft, which 
were large enough to have a fresh air flow of 
at least 100 1b./min. (In case of the Brabazon 
Mark II, the saving in weight would be about 
192 lb., assuming a 12 hours’ cruise and a 
S.F.C. of 0.51 1b./e.h.p/hr. and including 60 
per cent. leakage and valve losses.) 

In case of aircraft having a cruising time 
below, say, 7 hours, and an air flow below 
60 lb./min. and operating in very cold 
climates, where the heat losses were large, the 
saving in weight by an ejector installation 
was rather doubtful, especially if the weight 
of the installation were also considered. 


MR. RICHARDS’ REPLY 


Mr. Perring: He agreed that in certain 
cases, such as on aircraft with thick wings 
and large nacelles, or on aircraft at high 
compressible speeds, the value of the symbol 
k, the induced drag factor, should, in fact, 
increase precariously above the usual type of 
figure of 1.1 to 1.3 and was known to go as 
high as 1.8 in some cases. The loss of 
efficiency incurred thereby was considerable, 
amounting to a loss of practically the whole 
of the payload on an aeroplane of the V.C.4 
type. What was more serious was the fact 
that on aircraft of this type there was still 
insufficient knowledge to explain this increase 
of induced drag factor and it was seldom 
detected until extensive high speed tunnel 
tests had been made, by which time the air- 
craft design was in a fairly well advanced 
state. It was essential therefore that this 
point should be stressed, as indeed Mr. 
Perring and Mr. Handel Davies had done; 
however this had not been brought out in 
the lecture as he had studiously kept away 
from any effects due to compressibility as 
performance problems arising from compres- 
sibility were sufficiently important to provide 
the subject of a separate lecture which should 
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To the operator there was more advantage’ 


in high speed than there was to the passenger 
because the operator could move more traffic 
for a given expense under all those headings 
which were constant hourly expenses. But 
fuel was not a constant hourly expense and 
high speeds were always expensive per mile 
in fuel; all that could be done by “ cleaning 
up,” as they knew it to-day, would only 
diminish the increase in cost with increase in 
speed but never turn it into a decrease. From 
the figures in Mr. Richards’ Table I, he 
deduced a weight of fuel required per still-air 
mile as 1.4 lb. per 1,000 Ib. of payload. 

He thought therefore that in a discussion 
on Aerodynamic Cleanness it would be doing 
less than justice to the subject if they did not 
mention one of the most marked advances 
which had been made in this subject in the 
last decade and particularly in the sphere of 
lower speeds and shorter ranges in which, 
although it did handle the bulk of the world’s 
air traffic, the savings due to aerodynamic 
cleanness were not so spectacular as those 
which Mr. Richards had quoted. 

An aeroplane which, in its class, was one 
of the cleanest, if not the cleanest in the 
world to-day, was the Ambassador. It had 
the supposedly dead (but very unwilling to 
die) piston engines, and it could be a lot 
cleaner still if it had buried engines and if 
they could do away with, or hide, the under- 
carriage where it would not cause any bulge 
at all, but even as it was the L/D curve (Fig. 
B), drawn from flight results based on torque- 
meter powers, was outstanding and at its 
maximum was 25 per cent. better than that 
of its nearest American contemporary type. 


The profile drag, including cooling, was 
248 Ib. at 100 ft./sec. and this represented a 
drag only 1.4 times that of a turbulent flat 
plate. Plotted on Mr. Richards’ Fig. 1 this 
point would be below the line marked 
“ turbo-jet ” and far below any other piston- 
engined type. 

In consequence of this low drag the 
Ambassador required only 0.3 Ib. of fuel per 
still-air mile per 1,000 Ib. of payload at 230 
m.p.h. 

Its payload over stage distances of 400 
miles and beyond, in fact, was-a higher per- 
centage of its all-up weight than that of more 
highly loaded, competive U.S.A. aircraft. For 
example the Ambassador payload for a 400 
miles stage distance was 28 per cent. higher 
than that of the Convair 240 when both were 
operated at the same stage speed. 
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Ambassador G-AGUA with Centaurus 631 engin Vel 


Drag with both engines operating. 
Drag in terms of L/D obtained by analysis of le 
speed and partial climb flight test observatioj 
Engine powers: Measured by torquemeters, 


Propellers: XPB-53362. Efficiency estimated usj 
S.B.A.C. method and detailed in A.B. 11/37 Iss. 


S. S. Schaetzel, Graduate, contributed: 
While he agreed with the author about the 
advisability of using the potential energy of 
the pressurised air, he questioned the figure 
of 700 lb. quoted as saved by using full 
ejectors, 

It could be shown by a more detailed 
analysis that the energy recovered in this way, 
in ideal conditions, was only about 20 to 30 
per cent. of the original input. 

Furthermore, this percentage could be 
obtained oniy by using ejectors having 
variable area nozzles, providing a variation 
of area in the ratio of about 4:1. With 
nozzles having a fixed area, dictated by 
requirements of low residual cabin pressure 
prior to landing, no thrust was obtained in 
cruising conditions. 

Using the data of the aircraft mentioned in 
the lecture and assuming the following:— 

Cabin altitude (cruising at 40,000 ft.)= 
8,000 ft. 

Cabin temperature=24°C. (mean _ value, 
B.O.A.C. requirements). 

Cruising time=7 hours. 

Number of passengers = 50. 

Fresh air supply=75 1Ib./min. (i.e. 1.5 1b/ 
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min./passenger, which was actually about 50 
per cent. more than current practice). 

Assuming no leakage and no losses at the 
discharge valves, and using a converging 
nozzle to discharge air backwards (design of 
, converging-diverging nozzle of variable 
throat area was, to say the least, difficult), the 


‘ sozzle would be choked and the thrust would 
\ | consist of velocity thrust together with pres- 
A gre thrust on the choked nozzle. 
Temperature after expansion: 255°K=T,. 
Assuming adiabatic efficiency of 95 per 
cent. 
42.0 
=0.95 44.2°C 
hence 
V.=1042 fps. 
voren | Since corresponding p.=0.0378 Ib./cu. ft. 
i} therefore the nozzle area required is 
1.25 
0.0318 sq. ft.=4.58 sq. in. 
1 enginf Velocity thrust per Ib. of air 
1042 — 735 
is of le — =9.55 Ib./Ib. 
ervatioy 32.2 
ors, And the total velocity thrust= 11.95 Ib. 
ated us Pressure thrust on choked nozzle= 
37 Is P,- P, x Ao. 
Giving a pressure thrust of 
uted: 371 x 4 58=17.3 Ib. 
it the} The total thrust therefore was 29.25 Ib. 
gy of} (which was about 94 per cent. of the thrust 
- obtained using full expansion). 
> INN) Assuming a fuel consumption of 1 1b./Ib. 
sailed hrust and taking a seven hour cruise:— 
way Weight of fuel saved =1 x 7 x 29.25=205 Ib. 
to 30} _ In these calculations no leakage losses had 
been assumed and no account had been taken 
1 be| of losses occurring at the discharge valve. 
ving | Including those losses the weight saved would 
ation | 0¢ reduced to about 70 per cent. of the calcu- 
With | lated value, i.e. to about 143 Ib. 
1 by} As mentioned previously, the minimum 
sure} available area at the discharge valve was 
d in} dictated by low altitude requirements, such 


as low residual pressure prior to complete 


xd in } Pressure release before landing. In the above 
‘ case, assuming a residual pressure of 4” W.G., 


the area required would be about 18 sq. in. 
The variable nozzle therefore would have to 


jlue,| Provide a variation in area of about 4:1. 


The fact that only about 40 e.h.p. out of 
about 150 h.p., expended to pressurise and 
heat the cabin air, were recovered could be 


Ib/ | explained by the following:— 
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1. Relatively inefficient way of extracting 
energy from air. (Ejecting relatively 
cold air at low specific thrust.) 

2. Heat losses of the whole aircraft, the 
heat being supplied by the cabin air. In 
the above condition the heat losses 
would be equivalent to about 670 C.H.U./ 
min. (i.e. about 29 h.p.), thus diminish- 
ing the potential energy of the cabin air. 


Although it was obvious that efforts should 
be made to recover as much power as possible 
from the amount used in air conditioning, it 
followed from those considerations that the 
thrust recovery could be a paying proposition 
only in case of very long range aircraft, which 
were large enough to have a fresh air flow of 
at least 100 1b./min. (In case of the Brabazon 
Mark II, the saving in weight would be about 
192 lb., assuming a 12 hours’ cruise and a 
S.F.C. of 0.51 1b./e.h.p/hr. and including 60 
per cent. leakage and valve losses.) 

In case of aircraft having a cruising time 
below, say, 7 hours, and an air flow below 
60 Ib./min. and operating in very cold 
climates, where the heat losses were large, the 
saving in weight by an ejector installation 
was rather doubtful, especially if the weight 
of the installation were also considered. 


MR. RICHARDS’ REPLY 


Mr. Perring: He agreed that in certain 
cases, such as on aircraft with thick wings 
and large nacelles, or on aircraft at high 
compressible speeds, the value of the symbol 
k, the induced drag factor, should, in fact, 
increase precariously above the usual type of 
figure of 1.1 to 1.3 and was known to go as 
high as 1.8 in some cases. The loss of 
efficiency incurred thereby was considerable, 
amounting to a loss of practically the whole 
of the payload on an aeroplane of the V.C.4 
type. What was more serious was the fact 
that on aircraft of this type there was still 
insufficient knowledge to explain this increase 
of induced drag factor and it was seldom 
detected until extensive high speed tunnel 
tests had been made, by which time the air- 
craft design was in a fairly well advanced 
state. It was essential therefore that this 
point should be stressed, as indeed Mr. 
Perring and Mr. Handel Davies had done; 
however this had not been brought out in 
the lecture as he had studiously kept away 
from any effects due to compressibility as 
performance problems arising from compres- 
sibility were sufficiently important to provide 
the subject of a separate lecture which should 
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in fact be more important than the one just 
given. 

It was true that a bad example of air 
intake had been taken and Fig. 8 was some- 
what misleading owing to a decision late in 
the preparation of the lecture that names of 
aircraft should be left out. The efficiencies 
quoted in this figure referred to the aircraft 
as a whole and where poor efficiencies 
occurred it was, as Mr. Perring stated, due to 
the air flow inside the aircraft and not so 
much to bad entry conditions. 


Mr. Perring had suggested that suction 
wing aircraft were limited severely by com- 
pressibility conditions; he thought that speeds 
of 400 m.p.h., which were possible with those 
thick wings when sufficiently swept-back, 
were such that they might well provide the 
most suitable speeds for passenger travel both 
from the economy point of view and from 
considerations of gust behaviour. He did 
agree, however, that the possibility of military 
applications were doubtful because of those 
limitations and this deficiency might well 
handicap severely their development for civil 
types. Indeed it might be true to say that 
any new idea could only come into use on 
civil aircraft if it were wholly proven on 
military aircraft first of all. This, he thought, 
might well be an over-riding factor in the long 
run. He did not think there should be any 
problems arising from the operation of the 
aircraft as a pusher type; those were now in 
operation on the Northrop flying wings and 
on the B.36, while the wing wake from 
suction wings was likely to be far less than 
on those types. 


Mr. Scott Hall: There was no suggestion 
in the lecture that passengers should be 
starved of fresh air in order to accomplish a 
greater aerodynamic cleanness. There were 
occasions in which far more air was being 
passed through the aeroplane than was 
necessary, and passengers in fact were not 
particularly sensitive to the exact amount of 
air which they received. More work was 
required to determine the normal require- 
ments of a person flying in an aeroplane, 
whether this took the form of a mass of air 
actually absorbed, or whether it was a velocity 
of air over the passengers’ faces and bodies. 
It might well prove more efficient to have a 
redistribution scheme with a smaller total 
mass flow being taken into the cabin, since the 
losses incurred were larger in the process of 
peewee the air, and eject it from the cabin 
itself. 
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He was worried at the significance placed 
by speakers on whether or not there was any 
point in flying 10,000 miles in one hop, 
He stressed the fact that this example had 
been taken purely to illustrate and emphasise 
the gains to be obtained in aerodynamic 
cleanness, and it was not suggested that 
because he had taken a certain example this 
was the type of aeroplane which he thought 
was required. Other gains wouid be obtained 
for different types of routes and other types 
of aeroplane, and it was up to the aircraft 
designer to examine the relative merits of 
those new ideas in the light of the particular 
aircraft being considered. Indeed, it was 
important that this should be done and that 
the figures given in the lecture should only 
be taken as an illustration and not in any way 
as solid figures which should always hold, no 
matter what the application. 


He was glad that Mr. Cumming was at the 
meeting to outline the work now going on in 
Austraiia. 


All the points (Fig. 1) referred to actual 
prototype aircraft, figures for small con- 
versions not being given in the paper. He 
agreed that it would be quite unfair to include 
such conversions except when they contained 
a fundamental advance in aerodynamic 
design. 


The figures he had quoted on pressurisation 
represented gross losses of payload due to the 
use of the two types of pressurisation equip- 
ment. Against the auxiliary drive system, 
the weight of the actual unit should be 
deducted. His general impression was that it 
would pay on high altitude aircraft to tap the 
compressor, but that in an aeroplane flying 
at about 25,000 ft. the extra loss of power 
due to tapping the compressor did not out 
weigh the saving in weight arising from the 
lack of an auxiliary blower. The reason for 
this was that air taken from the compressors 
was normally taken at high pressures, the 
efficiency loss in the system being very high to 
reduce the pressure to that of the cabin. At 
very high altitudes the available pressure was 
not so high, however, and the cabin pressure 
differential was greater, with a result that a 
more efficient system could be derived on an 
aeroplane flying at, say, 45,000 ft, 


He emphasised again the need to investi- 
gate the relative merits for each specific case, 
since calculations on one type of aeroplane 
should clearly be unacceptable to those using 
a different quantity of air for ventilation. 
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Mr. Cumming: It was extremely pleasing 
to hear from a person so closely connected 
with the project, and hear of the work of a 


‘| small team of enthusiasts who had not only 


gone all of their own wind tunnel work for 
the thick suction wing, but also had flown it 
atisfactorily in the form of a glider. He 
thought that they in Great Britain should pay 
atribute to the work being done in Australia 
on this subject, and he hoped that it would 
1 on with the same considerable measure of 
quccess. 

It was interesting to note that the waviness 
measurements quoted by Mr. Cumming were 
far greater than those mentioned in_ the 
kcture and it might well be that the large 
favourable gradient available on those thick 
wings was such as to allow a much wavier 
surface than on normal low drag wings. 


Mr. Russell: The Breguet formula for 

measuring the effects of increase of drag 
on range and payload carrying ability of an 
aircraft might weil be feasible on piston- 
engined aircraft flying at a given altitude and 
if so it was undoubtedly the simplest to use, 
but the method was not exact for jet aircraft 
flying near their ceilings in which the pro- 
pulsive efficiencies varied with forward speed 
and height, and for this reason the formula 
might well prove to be a little deceptive. He 
agreed that another method as suggested in 
the lecture for reducing drag was to increase 
the wing loading and thereby reduce the wing 
area required. This method, however, was 
subject to many other considerations, such as 
the need to house the engines in external 
nacelles, while it required a high aspect ratio 
wing and a high working lift coefficient to 
obtain optimum conditions. 
This meant that the amount of manceuvr- 
ability available to the aeroplane was low 
and probably insufficient for other than civil 
types, while the loss in critical Mach number 
arising from the high lift coefficients was 
xe appreciabie factor going against the 
esign. 

His company had examined the relative 
merits of using a high wing loading and con- 
clusions had been reached that for the 
practical purpose investigated, the low wing 
loading aircraft showed the better character- 
istics. 

Mr. Toms: He thanked him for his remarks 
about the relative effects of drag changes on 
various types of aeroplane, Additional data 
was being sent to Mr. Toms to explain this 
discrepancy. In his view, however, the 
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original figures given were perfectly satis- 
factory and needed no modification in the 
light of re-examination. 


He confirmed that the figure of k given in 
the lecture was equal to = as given by Dr. 


Driggs in his lecture. He agreed, however, 
with Mr. Toms in his opinion that this vari- 
ation of induced drag factor with sweepback 
was too high and, as stated in the lecture, by 
suitable choice of taper ratio no increase of 
induced drag factor need be obtained. Refer- 
ences were given in the lecture to the work 
on which this factor was based, which he had 
to admit was much more scientifically correct 
than the argument put forward by Mr. Toms 
for obtaining his own estimate for induced 
drag factor. In any case he thought there 
was a mistake in Mr. Toms’ contribution. 
This was demonstrated clearly by taking an 
untapered wing and sweeping it back through 
an angle. In this case the aspect ratio was 
proportional to the square of the secant of the 
angle and not the secant as Mr. Toms had 
suggested. In this case he thought it purely 
coincidental that for the example he had 
taken the case worked out according to the 
law he had proposed. 


Mr. Giddings: It was nice to hear a 
structural designer agreeing that aerodynamic 
efficiency might, after all, have some points 
in its favour. The figures given in the lecture 
were self-explanatory, and he agreed that 
there might be far greater gains to be 
obtained from aerodynamic research than 
from those on the structure. The real answer 
was that both types of research should be 
carried out and that both types of gain should 
be put into the aeroplane. 

He thought the suggestion that a drag 
engineer should be obtained to watch over 
the aerodynamicist was extremely sensible 
and hoped that this might come about in 
firms. Not only should such an engineer do 
this, but he should also spend a fair amount 
of his time wandering around the drawing 
office making sure that the standard of finish 
in detail was uniformly high and that more 
examination should be made of concessions 
to the drawing office than was made at the 
moment. It was impossible for a small 
aerodynamics section to keep other than an 
overall eye on detaiis of manufacture and 
such supervision as Mr. Giddings suggested 
might well provide a good dividend. 

Mr. Giddings’ comments on saving of 
structure weight due to using thicker wings 
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was interesting, but he could not agree that 
only some 300-400 Ib. were saved. The 
analyses given in the paper were based on 
structure weights given on the R.A.E. 
empirical formula, while further analyses 
confirmed that far greater savings than Mr. 
Giddings suggested were possible. 

Flush riveting over part of the fuselage was 
undoubtedly worthwhile, the increase of drag 
arising from mushroom headed rivets being 
reduced to half if the first third only of the 
pressure cabin were flush riveted. This was 
the practice adopted on the Viscount and 
probably gave the best overall answer on 
the aircraft. 

Mr, Edwards: He thanked him for his 
support in emphasising the need for increased 
detail design in aerodynamics. This was 
extremely difficult to do in so many cases 
since it was generally agreed that the overall 
behaviour of the aeroplane could not be 
assessed to within two or three per cent. in 
terms of drag coefficients. As a result, small 
percentage drag changes tended to be treated 
as incalculable, and indeed, considerable loss 
of face often occurred when anticipated gains 
of this order proved to be non-existent when 
tried. It was nevertheless true that one per 
cent. of drag should in fact have the same 
amount of attention as 300 Ib. of structure 
weight, and if every aspect were thoroughly 
examined the overall effect would un- 
doubtedly be a considerable gain. 


He had not worked out the power required 
for suction wing aeroplanes with a 100,000 
Ib. aeropiane, but all the figures given in the 
analysis made full allowances for the losses 
in the ducts and weight incurred in producing 
those ducts. For example, on aeroplane F 
(transition at 0.71c) given in the analyses 
1,560 h.p. was used to overcome the form 
drag of the aeroplane, 2,940 h.p. was used to 
overcome the induced drag factors and 400 
h.p. was used in the suction system. 
Effectively what happened was that the power 
needed to overcome the normal profile drag 
was considerably reduced while some of that 
power was then put back to overcome duct 
losses. 

He agreed that there was great danger in 
ignoring any possible field of development as 
the Americans had done with propeller- 
turbines. In Great Britain they had much 
less research equipment than in the U.S.A. 
however, and it was therefore more necessary 
to assess the potential values of research at 
the earliest possible stage. The purpose of 
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the lecture was largely to draw attention to 
the gains and difficulties with suction wings 
and he hoped that the lecture would stimulate 
thought to decide whether there were 
advances to be made in this way or whether 
the money being spent on those researches 
was unlikely to give dividends compared 
with other research work. 

Dr. Seddon: Fig. 8 was intended to demon. 
strate, as stated in the lecture, the type of 
intakes and the efficiencies obtained on 
various types of aeroplane. They could be 
misleading, however, as Dr. Seddon had 
pointed out if it were assumed that the whole 
losses occurred at the intake and not due to 
the internal flow arising from the aeroplane. 
Thanks were therefore due to Dr. Seddon for 
pointing out this deficiency which arose 
entirely from a late decision to eliminate 
names of aircraft from the paper. The 
question of intake efficiencies was being dis- 
cussed at a Section Lecture in the near future, 
given by Dr. Seddon, where full details of 
intake design would undoubtedly be given. 


Mr. Woodward Nutt: Mr. Woodward Nutt 
suggested the possibility of using air absorbed 
from the suction slots for pressurisation and 
ventilation of the aeroplane. The only reason 
why such a system would be more efficient 
than the normal means arose from the sucked 
air being in a more suitable state for pressuri- 
sation; this in fact hardly seemed possible so 
that the net loss was unlikely to be smaller 
using such a system. In any case the quanti- 
ties of air involved were very different. On 
the aircraft investigated, the total requirement 
of cabin air was of the order of 120 Ib./min,, 
while at cruising the air absorbed by suction 
consisted of 360 Ib./min. if the flow were 
laminar to the slots, while this increased to 
27,000 1b./min. if suction were required to 
allow for transition at 0.2 of the chord. 

The reason for the lack of mention of 
design on wing/body junctions in such a 
paper was largely to do with the shortage of 
space and the fact that the problems of 
obtaining a good wing/body junction were 
now fairly well understood on low speed 
aircraft, while nacelles were attaining far 
better shapes than had ever been attained 
before. This development might, therefore, 
be considered to be one obtained in the last 
war years and not in the immediate present 
and future. There was, however, a severe 
problem of designing wing/body and wing/ 
nacelle junctions on high speed aircraft using 
various high speed junctions, but this came 
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under the heading of compressibility and 
therefore was left out of the present lecture. 

The use of Redux was a considerable 
advancement in eliminating riveting as a 
means of drag increase, and the use to which 
the de Havilland Aircraft Co. Ltd. had put 
it on the Comet fuselage was undoubtedly 
very useful. This technique, however, did 
not, so far as he could see, help to improve 
the general waviness of surfaces, and other 
methods would have to be obtained. 

Mr. Handel Davies: Mr. Davies pointed 
out the need to provide some means which 
was absolutely fool-proof of eliminating the 
effects of flies and other contaminations on 
the aircraft; no mean task, it was agreed, on 
a large aeroplane. The method now being 
used of pasting a cellophane cover over the 
leading edge was not so difficult as it would 
at first appear and would undoubtedly be 
acceptable to airline companies once the 
saving in economy had been demonstrated to 
them. The chief objection, as Mr. Davies 
pointed out, was that of obtaining a quick 
method of cleaning off flies which had stuck 
on during approach to landing. No doubt 
further researches would develop a solvent 
which, while not attacking the surface, should 
remove quite quickly flies or other matter 
which had stuck to the surface. It was 
already proposed to try coating the surface 
with a volatile substance which on evapor- 
ation also took away with it the flies them- 
selves. He saw no reason why a similar type 
of coating could not be applied which could 
be washed off after a long flight. 

It was agreed that a lot more work should 
be done on the vital aspect of drag reduction 
on high speed aircraft. 

Mr, Rowe: Mr. Rowe’s remarks on the 
relative economy of the thick suction wing 
aeroplane flying at say, 400 m.p.h. compared 
with that of a jet air liner flying at 500-600 
m.p.h., were most relevant, particularly as 
the major application of this type of wing was 
clearly to civil aircraft and he would draw his 
attention to the answers to Mr. Perring. A 
comparison of relative economies could not, 
however, be made without the comparison of 
two aircraft designed to meet similar duties, 


‘and even so, the exact routes and traffic 


densities would have to be considered if the 
methods proposed by Mr. Masefield* and Mr. 
Atkin} were used to assess profit-making 
*Some Economic Factors in Civil 
JourNAL R.Ae.S., October 1948. 


tInter-City Transport Development on the Com- 
Monwealth Routes, JOURNAL R.Ae.S., Nov. 1949. 
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ability. His impression was that the thick 
suction wing aeroplane should prove of 
greatest economy, by an amount however 
which was much smaller than might be 
expected from the gain in payload possible, 
and depending very much on the exact 
assumptions made in such an analysis. This 
could only be done by airline operators and 
he hoped that this would be carried out in the 
relatively near future, since the likelihood of 
suction wings being developed hinged so 
much around the gains to be obtained. 
There was no question but that the suction 
wing aeroplane would use propellers and he 
saw no reason why those propellers could 
not be made efficient up to the limiting 
speeds of the aeroplane. He thought that Mr. 
Perring’s objections to the pushers were over- 
emphasised and he did not feel that the 
ducted fan would be popular since it would 
necessitate separate development work. 


Mr. Fage: The loss of total head of air 
withdrawn was assumed to be equal to the 
free stream dynamic head, while an additional 
loss of 0.1 x4pV.? was taken due to the 
throat and diffuser losses and 0.15 x 4pV.’ 
losses occurring in the ducting system. In 
addition a 15 per cent. margin was added to 
this for full measure. 

When the flow at the slot was turbulent, 
the loss of total head arising from the 
boundary layer air was 0.7 x 4pV,” instead of 
1.0x4pV.?. Those figures were in accord- 
ance with the latest information on duct losses 
of the Australian type, while the total losses 
in fact summed up to values which were not 
very different from those obtained by using 
effective drag coefficients in the early days of 
the research work. 


Dr. Pankhurst: He agreed that aircraft 
designers were now having to face the 
engineering difficulties associated with 
boundary layer suction, and it was true to 
say that there was now sufficient data on 
which design analyses could be made. In the 
cases taken in the lecture those showed that 
if extensive laminar flow could be obtained, 
the gains were there. Scientists, however, 
should not be over-optimistic as to what air- 
craft designers could do in the way of pro- 
ducing smooth wings, and the method sug- 
gested in the paper was in his opinion the 
only possibie way, and even this might prove 
too difficult. It was essential, therefore, that 
scientists should aim their researches at 
reducing the instability of the boundary layer, 
either by investigations of the effect of 
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velocity gradient, porous suction or slots, in 
order to make the possibility of obtaining 
extensive laminar flow more than it was at 
the moment. This work would not only have 
the advantage of advancing suction wing 
aircraft, but also be of extreme use to all other 
types of clean aeroplanes, even those flying 
at high forward speeds. 

Australian tests showed that with wide 
exit and turning vanes the total head loss 
through slot system, i.e. from outside slot to 
duct, could be reduced to 0.09 of slot dynamic 
head. Those tests were made drawing from 
still air. (Aerodynamics Tech. Memo, 62.) 

On the other hand, tests on the slot system 
of a model wing in the tunnel suggested that 
losses were of the order of 2.0x4pV.?. This 
was thought to be high because of the small 
scale of tests and because the slot was part 
of a three-slot system, each slot not operating 
at its greatest efficiency, even though the 
overall efficiency was a minimum. 

It seemed probable that in order to make 
the pressure losses through a slot or porous 
spanwise region small, that was in order to 
make suction worth while in order to achieve 
low drag cruising conditions, the ducting 
must be designed to give the required span- 
wise suction distribution, rather than use a 
high pressure drop across a material which 
had a high resistance to flow. 

This would mean that under conditions 
other than cruising, the suction would not be 
very efficient, but provided no major detri- 
mental effects arose, this should not be serious 
for an aircraft designed to cruise for the 
majority of its airborne life, i.e. long distance 
transport aircraft. 


Mr. Foss: Mr. Foss had commented on the 
fact that the aircraft taken in the analysis 
covered only 15 per cent. of that required for 
the world’s air traffic. This might well be so 
if civil aircraft only were to be considered. 
The purpose of the paper was intended to 
cover transport aircraft of all types both civil 
and military, the examples being given in the 
way they had purely for convenience. If the 
whole of the world’s transport as opposed 
to civil air traffic were being considered, the 
scope and usefulness of the types of aircraft 
taken would undoubtedly prove to be more 
like 70 per cent. rather than the 15 per cent. 
which was suggested. In any case aero- 
dynamic cleanness did not matter so much on 
the other 30 per cent. so that taking more 
examples would have confused the issue 
rather than helped. 


186 


DISCUSSION 


The weight of fuel required per still-air 
mile was in fact 1.04 and not 1.4 suggested 
by Mr. Foss. 


He did not quite understand Mr. Foss’ 
argument as to the most marked advance 
made in the last decade, but it was agreed 
that, in the Ambassador, his firm had pro. 
duced one of the cleanest aircraft flying at the 
moment. The drag figures he obtained 
for this aircraft} were slightly higher 
than the figure of 248 lb. which Mr. Foss 
quoted and a figure of 1.55 was used for the 
Ambassador in the assessment given in the 
lecture. Using the new figure and on the 
same basis as all the other aircraft were 
analysed, a figure of 1.45 times that with a 
turbulent flat plate was obtainable; an 
extremely good figure which Mr. Foss had 
every right to be proud of and which 
approached very closely to the figure of 1.4 
obtained on the Viscount. 


He thought that the quotation of max, L/D 
was irrelevant in so far as a high L/D could 
be obtained by means other than obtaining 
extreme cleanness during cruise. For 
example, the old Vickers Wellesley as a result 
of its very high aspect ratio flew at a max. 
L/D greater than that shown in Mr. Foss’ 
contribution. 

Mr. Schaetzel: In the lecture it was desired 
to point out the change that could be 
achieved by suitable design. In a normal 
pressurising system the air was exhausted 
through a discharge valve approximately 
normal to the flow direction. The change 
in thrust due to discharging it at the optimum 
velocity in the free stream direction was, 
therefore, 

1042 

The figure quoted by Mr. Schaetzel of 


x 1.125=36.7 Ib. 


allowed for the drag on the aeroplane due to 
bringing the air to rest, This latter com- 
ponent was present whether the air was dis- 
charged normal or parallel to the flight path, 
and did not affect the figure giving the change 
in thrust in going from one system to the 
other. This, and the fact that slightly 
different, although comparable, figures were 
used in the calculation for the lecture, 


accounted for the figure of 700 Ib. saved, as 
compared with the figure of 205 Ib. quoted 
by Mr. Schaetzel. 
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THE WEIGHT ASPECT IN AIRCRAFT 
DESIGN 


by 


L. W. ROSENTHAL, A.F.R.Ae.S., M.I.Ae.S. 


The 787th Lecture was read before the 
Royal Aeronautical Society on Thursday, 
Ist December 1949, at the Institution of Civil 
Engineers, Great George Street, London, 
$.W.1. Sir John Buchanan, C.B.E., 
F.R.Ae.S., President of the Society, intro- 
duced the Lecturer, L. W. Rosenthal, 
A.F.R.AeS., M.1Ae.S., Chief Weight 
Engineer, Saunders-Roe Ltd. 


INTRODUCTION 


This lecture does not set out any new 
method or offer any ideas to enable the 
design office to start cutting down the weights 
of new projects. 

The last lecture dealing with the weight of 
aircraft was given by Major T. M. Barlow, 
M.Sc., M.Inst.C.E., M.I.Mech.E., F.R.Ae.S., 
in 1929"). The fact that this subject has 
not merited sufficient attention to have had at 
least one more session of the Society’s time 
devoted to it in a period of 20 years is of 
interest and may be a fair reflection of the 
importance that has been attached to the 
matter. 

There is little doubt that in the past and, 
I fear, even in the present, the weight 
problem or the question of weight efficiency 
has been badly confused with structural 
efficiency. Structural efficiency is only one 
component of weight efficiency, and in my 
opinion is not necessarily the most important 
one. 

A more positive outlook towards the whole 
weight problem shouid be developed. By 
this | mean that, whereas in the past aero- 
planes have been designed with the hope that 
they would be light, we ought now to set 
about designing light aeroplanes. To do this 
one must understand what actually makes an 
aeroplane heavy or light, and I feel that 
sometimes we are not at all clear on this 
point. 


It is not just a matter of detail design, 
structural efficiency or even project design 
efficiency, it is the whole approach to the 


problem. 
I suggest that everything that is done and 
everything that is thought should be 


influenced by this consideration of weight, 
that useful thinking time should constantly 
and consciously be devoted to finding new 
ways and excuses which will enable aircraft 
weights to be cut. I feel that we should 
search through our traditional practices, 
re-examine our maintenance methods and 
equipment, and make quite sure that every 
thing done is the result of a really sound 
approach. 

Does a multi-engined flying boat operating 
on a scheduled run between fully-equipped 
bases and carrying liberal fuel reserves need 
to carry an anchor? 

Is the growing practice of using engine 
cowlings as maintenance platforms and flying 
around with four sets of ground equipment 
continually on board really economic, or is 
it an easy way of coping with current design 
of engines, cowling and ground equipment? 

Are up to ten instruments needed to tell a 
pilot that an engine is in trouble and must be 
shut down, or could we manage with per- 
haps one or two warning lights to tell him the 
same thing? I know that the pilot would 
like to tell the ground engineer what went 
wrong but this might be overcome by having 
a special test panel with instruments on it, 
to be plugged in for ground running only. 


These examples mainly concern the air- 
frame designer but I feel that the airline 
people too might be concerned. My 
experience of airline practice is small, but 
on one flight I was served with food on a 
delightfully light and pleasant tray with 
plastic utensils. The salt and pepper pots, 
however, were heavy plated items weighing 
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L. W. ROSENTHAL 


probably as much as the rest of the utensils 
together. On the next flight I was served 
with a cardboard tray, plate and cup, with 
thimble-size cruets made also in paper, but 
the salad was served in an individual glass 
bowl almost a quarter of an inch thick. 

Recently I saw an air liner operated by one 
of the Corporations on scheduled airlines to 
well established aerodromes, carrying a 
maintenance ladder as part of the permanent 
equipment. 

The point is that in general I think we have 
not taken this matter seriously, we have only 
paid lip service to it, and I would like to 
reiterate that we should constantly and con- 
sciously be devoting useful thinking time to 
the matter. 


APPROACH TO THE WEIGHT 
PROBLEM 


Elementary aerodynamic problems in the 
early days were of fundamental importance. 
Once satisfactory controlled flight had been 
achieved, safety became perhaps the next 
most important objective. These two con- 
siderations established the general set up of 
the design department, and gradually the 
increasing specialisation necessary to cope 
with these problems produced the aero- 
dynamic and stress groups as_ separate 
entities within the design organisation. 

The other aspects of design, power plant 
installation, equipment installations, and so 
on, were handled by the drawing office with, 
perhaps, section leaders somewhat specialised 
in the particular groups. 

In general terms, this appears to be the 
position throughout the Industry today, 
although the engineering aspects are steadily 
creating new groups of specialists. 

This development, or perhaps one should 
use the word “evolution,” of the structure 
of the design department, I feel has an 
important connection with the approach to 
the weight problem, and has to no little 
extent conditioned our thinking. 

We are really aware only of three depart- 
ments, aerodynamics, drawing office and 
stress office, and whenever we think of 
weight saving we think of the stress office. 
Why is this? 

I feel that this has been brought about by 
the human failing of believing that other 
people are less weight conscious than our- 
selves. 

When designing anything but structures 
we have naturally relied on our own judg- 
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ment of what was the lightest method of 
doing a job and where no one could 
calculate the loads or size of gear required, 
we hid in safety behind our own opinions, 

With the structure, however, where sizes 
are calculated, tests have proved that calcu. 
lations, in general, have been pessimistic and 
because considerable scope for weight saving 
existed, and still exists, in the structural 
field, we have made the stress office very 
much of a scapegoat, and at the same time 
omitted to examine our own work too 
closely. 

The weight of a modern civil aircraft is 
divided approximately as follows :— 


Structure 27 per cent. 
Power 18 per cent. 
Tanks, and so on_ 1S per cent. 

60 per cent. 
Disposable 40 per cent. 


The power plant and equipment together 
comprise more than the structure group and 
a one per cent. saving on these will give a 
bigger dividend than one per cent. on the 
structure. Furthermore, leaving the one per 
cent. on the structure may mean a safer 
aeroplane, whereas the one per cent. on the 
power and equipment is virtually ballast, and 
I am sure we shall find it easier to save on 
pipe couplings, toilet fittings, tables, and so 
forth, than on, say, the spar booms or wing 
skin. 

Due to thinking that weight saving mainly 
means structural weight saving, the stress 
office has been bludgeoned through the years 
into reducing structure weights and driven 
towards more efficient stress analyses, and 
consequently the stress office has probably 
made the major contribution towards lighter 
aeroplanes. The assistance of the material 
manufacturers and the airworthiness groups 
has been a valuable contribution but one 
wonders for how much longer help can be 
got in this way. Running into the realm of 
severe gusts has already changed the picture, 
and there seems little doubt that higher and 
yet higher speeds will play havoc with the 
present ideas on structure weight. 

On the civil side the structural penalty for 
very high speed may be prohibitive, and we 
shall find an optimum speed for reasonable 
payload which it will not pay to exceed until 
material manufacturers or stress genii again 
come to the rescue. 
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THE WEIGHT ASPECT 


This should not be interpreted to mean 
that I think the present structural efficiencies 
are the optimum, I definitely do not. 

At this stage I expect all the power plant 
and equipment people to say how weight 
conscious they are. With due respect and 
humility may I say that I know everyone is 
weight conscious for they all tell me so. It 
may be asked, however, whether a staff 
equivalent to 15.8 per cent. of the drawing 
office staff is kept just to make sure that the 
engines and equipment are just adequate for 
their function, and have no surplus material 
on them. This figure of 15.8 per cent. of 
the drawing office staff is no invention of 
mine: it was quoted by G. R. Edwards in 
his paper read before the Society on 2nd 
December 1948‘) and is the proportion of 
stress office to drawing office staff which he 
gave as typical of current practice. 

I submit that it is illogical to pay more 
attention to the structure weight of an aero- 
plane than to the remainder of the items 
comprising the aircraft empty weight. While 
not lessening the pressure on the structure 
side a similar amount of money and energy 
should be expended on these other items. 


EQUIPMENT 


The thing that strikes one about equip- 
ment weight is its inconsistency. Some 
items have had considerable thought and 
ingenuity expended on them to reduce their 
weights, whereas others appear to have been 
designed by medieval blacksmiths. I saw a 
few months ago, examples of equipment 
designed and manufactured by aircraft 
equipment specialists which, when redesigned 
to standard airframe practice, had weights 
reduced on an average by 60 per cent. 

Some months ago I went to the stores and, 
selecting 21 aircraft instruments at random 
from the bins, found that 20 had _ brass 
screws, fittings, unions, pointers, and so on. 

One thing which is surprising is the 
amount of equipment advertised with con- 
siderable information regarding mechanical 
or structural efficiencies, but with no refer- 
ence to weight. Surely in selecting aircraft 
fittings, weight is one of the most important 
dimensions, in some instances more impor- 
tant even than the linear dimensions. A few 
makers do quote weights; presumably these 
are the weight conscious companies, for they 
at least have bothered to find out what their 
products weigh, which would seem to be 


IN AIRCRAFT DESIGN 


more than can be said for many in the 
Aircraft Industry. 

Against these comments must be set the 
commendable work done recently by some of 
the equipment specialists. A good example 
of this is in the radio sphere, where consider- 
able attention has been given to miniaturisa- 
tion, and weight saving. In connection with 
the equipment weight problem, it was 
encouraging to see recently in the Technical 
Press a prominent aircraft accessory manu- 
facturer advertising for a senior weight 
engineer. One looks forward with hope to 
the day when every company manufacturing 
parts for aircraft has a specialist weight 
engineer or group. 

The implications of such a_ scheme, 
however, are likely to produce important 
reactions, particularly in the unsympathetic 
realm of pounds, shillings and pence. 

The aircraft manufacturer wants the 
lightest possible equipment, but is he 
prepared to pay for it, and if so, how much? 
How many airframe manufacturers are today 
prepared to say “On our ‘so-and-so’ air- 
craft for every pound saved on proprietary 
equipment weights I will be prepared to 
meet additional costs up to £x”? Until 
someone does this, the accessory companies 
are in a dilemma, with everyone pressing 
them to save weight, but with no idea of 
how much outlay they must make, or what 
return they can expect. It is surely up to the 
airframe industry to see that this matter is 
put right, and to stimulate as much competi- 
tion as they can. 

It is becoming a practice nowadays to 
include weight guarantee clauses in contracts 
for aeroplanes and, with this as a back- 
ground, I cannot see how any airframe 
manufacturer can fail to make similar clauses 
in his sub-contracts, or to allow any sub- 
contractor to pay less attention to weight 
than he himself maintains. 

Some airframe manufacturers already 
include weight clauses in their sub-contracts, 
but whether any part has been rejected as a 
result of the figures not being met, I do not 
know. Some enlightenment on this point and 
the general effect of such clauses would be 
welcome. 

One can see this bringing about a much 
closer liaison between the airframe and 
accessory companies, and I know that the 
accessory people will agree that this liaison 
cannot start too early. As an example, 
several undercarriage designers have said 
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that they feel that a lighter total structure 
weight would be achieved by close liaison in 
the early stages of an aircraft design. It 
appears that they frequently get presented 
with a picture of an aircraft structure well 
stabilised in design, and are asked to design 
an undercarriage to fit, with the result that 
the design of their component is frequently 
compromised and made heavier than it need 
have been if contact had been established 
earlier. 

While discussing equipment I feel bound 
to draw attention to one practice which 
should cause much more concern than it 
does, that is designing equipment to with- 
stand the severe handling and transport loads 
received during the time that the equipment 
is not on the aircraft, i.e. in transport from 
base to field and during subsequent servicing. 
The magnitude of the accelerations which 
apparently have to be catered for, is quoted 
as up to 25 g and 40 g has been mentioned. 
Is it sound engineering to carry equipment 
strong enough and heavy enough to with- 
stand loads of this order, on aircraft which 
have had their structures pared down at 
considerable cost in stress office and 
workshops, so that they will fail at accelera- 
tions from 4 to 10 g? One cannot help but 
think that a little research into methods of 
handling during transit, together with some 
good packing case design, might well produce 
useful weight saving. 


POWER PLANT 


Weight has been a major consideration 
with power plants, particularly during the 
past few years, and now all the larger engine 
manufacturers employ specialist weight 
engineers. As an airframe man, however, 
I wonder if the engine people have quite such 
a keen interest in the matter as we ourselves 
have found to be necessary, because one 
finds that the specific weights of some of the 
larger reciprocating engines have started to 
rise. 

The introduction of the gas turbine must 
have rendered obsolete all the previous 
weight experience gathered on the recipro- 
cating types, and obviously the engine 
industry has had to start again. This has 
made difficulties, not only for the engine 
designers but also for the aircraft designers, 
because the prediction of weights by the 
power plant people has not been as accurate 
as we would like. This is rather sharply 
illustrated in Fig. 1. 
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Fig. 1. 
Variation of engine weight with time. 
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I can sympathise with the engine designer 
over his difficulties and look forward with 
him to the time when only favourable com- 
ment about his weight prediction will be 
justified, but in the meantime the changes 
that do occur, can and do have unfortunate 
repercussions on the engine mounting 
structure and attachments, and in some 
circumstances upon the aircraft balance. 


Figure 2 shows the variation with time of 
some aircraft structure weights. These are 
random cases and no attempt has been made 
to influence the results. 


The engine people are definitely ahead of 
the airframe industry in the control of cast- 
ing weights and their procedures in this 
connection would well merit an investigation. 
The present practice in the airframe industry 
of buying castings by weight is surely an 
anachronism, since we actually pay the 
foundryman more money if he produces 
castings thicker and heavier than we really 
require. 

The actual installation of the power plant, 
to a considerable extent, is in our own hands, 
and closer attention to detail, I am sure, will 
result in some weight saving. I think it is 
generally known that the Americans are 
ahead of us in this matter. 

As the power plant installation is made up 
of several systems it is not possible to make 
much useful comment without going into 
considerable detail. The whole problem 


depends on good detail design and I am sure 
that if our ideas concerning weight are based 
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upon the right philosophy, efficient results 
will be obtainable. 

One point which needs careful considera- 
tion is the approach to fire prevention, par- 
ticularly on the newer types of engine. Are 
we quite sure that we are not more concerned 
with containing and extinguishing fires than 
we are with preventing the fires from occur- 
ring? Are we sure that our present system of 
provisioning each nacelle with bottles is as 
light and as satisfactory as having a central 
storage from which the extinguisher agent 
can be distributed to any desired engine? 
| do not consider myself qualified to answer 
these questions, but I do know that the 
overall weight of power plant fire precautions 
is becoming a serious matter. 


STRUCTURE 

I am not a stressman nor a structural 
engineer, and because of these personal limita- 
tions and the scope of the weights problem 
generally, I feel that my responsibility ends 
when | have drawn the attention of the 
appropriate people to matters which I think 
should be of interest to them. 

From a study of a mass of structural 
weight data over a long period of time, there 
appear to be two distinct and important 
factors involved. 


(i) Design efficiency, i.e. having the design 
so formulated that the loads to be 
carried are reduced to a minimum. 


(ii) Structural efficiency, i.e. having the mini- 
mum weight of structure to carry a given 
set of loads. 


I believe the clear and important distinc- 
tion between these two factors has not been 
properly realised. The first is a matter for 
the project office and the second a matter for 
the stress office. Obviously a weight 
engineer must be interested in structural 
efficiency but I would suggest that in detail 
this is the business of the stressman. 

Typical of this approach to weight is the 
latest published work of Mr. Shanley“). The 
weight engineer is much more concerned with 
these theoretical approaches when they are 
translated into, say, the complete weights for 
plating, stringers and frames of a fuselage. 
They can then be directly compared with 
results produced by other people or by 
different methods. 

I would like to emphasise the previous 
remark about using the complete weights for 
items such as plating and stringers. Com- 
paring specific weights for various forms of 
construction can be a misleading business, 
since actual manufacturing processes or 
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subsequent design difficulties, such as making 
joints, and so forth, can easily outweigh a 
small advantage in the specific weight of the 
basic structure. 

When attempting to assess structural 
efficiency the weight engineer starts off by 
plotting the weights of complete components 
against various parameters, usually selected 
with some idea of the underlying structural 
principles, on the lines of the existing reports 
on wing weight. This process is normally 
done in stages, each successive stage being an 
attempt to reduce the scatter of the plots. 
When everything feasible has been done an 
attempt is usually made to explain why 
various aircraft still fall away from the mean. 

This process usually leads to the 
conclusion that some components are inex- 
plicably heavy, others inexplicably light, with 
a good average construction running between. 
I have been responsible for a considerable 
amount of work along these lines, particu- 
larly in relation to civil aircraft fuselages, a 
field which, strangely enough in spite of its 
importance, appears to be almost completely 
unexplored. 

Using the simplest possible bases we have 
arrived at the curves shown on Fig. 3. Here 
the weight is shown to vary with the square 
root of the fuselage gross surface area (i.e. 
a scale effect) and with length to depth ratio, 
suggesting that bending and the relationship 
between volume and surface area are exerting 
some influence. All this is much as one 
would expect. 

On the curves are plotted the actual points 
derived from weighed weights for a number 
of modern British and American civil 
fuselages and it will be observed that the 
scatter is remarkably small (maximum error 
5 per cent.). This seems to indicate that a 
good average design has been achieved, that 
the design conditions for different aircraft 
follow a similar pattern and, as the effect of 
pressurising is not noticeable, that its 
overall influence on the total fuselage weight 
is small. 

There are three aircraft whose weights all 
fall outside the general pattern, so far out, in 
fact, as to cause one to doulhi the validity of 
the curves. It was discovered that these 
three aircraft were all built by the same 
company and exactly the same results had 
been observed previously, when attempting 
to analyse wing weights. 

These fuselages demand a curve for them- 
selves some 20 per cent. below the general 
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ones. This would have been a noteworthy 
point for any group of fuselages falling 
outside such smooth curves, but the fact that 
all are designed by the same company makes 
the conclusion inescapable. 

A rigorous examination of these aircraft 
shows them to be typical in fuselage layout 
with the usual number of doors, windows, 
and so on, and two of the three are pressur- 
ised. All three are in service on scheduled 
airlines at the present time, and one can 
only presume that their design requirements 
are satisfactory since one never hears of them 
falling to pieces. 

The aircraft plotted on the original curves 
in Fig. 3 are designed by something like ten 
different companies, and assuming that the 
data on which the plots are based were 
inaccurate by 2 or 3 per cent. (I have no 
reason to believe that they are), assuming 
that area is not a good base, and that the 
effects of pressurising are too effectively 
concealed, these three aircraft have some- 
thing which the others have not, and that is 
a structural efficiency at the very least 10 
per cent. better than all the others. However 
the fuselage weights are plotted, one always 
comes back to the same conclusion. 

That is the sort of structural efficiency we 
are looking for, but I cannot presume to tell 
you how it might be achieved. I have put 
the facts before you for your consideration. 


SAFETY REQUIREMENTS 

Before discussing design efficiency I would 
like to comment briefly on requirements for 
strength and safety. These appear to be 
growing in number and complexity almost 
daily, and it is said that they effectively 
prevent anyone from building an_ aircraft 
really to compete with pre-war designs, 
although we still operate the older aircraft 
on our scheduled airlines. 

The 100 per cent. safe aircraft would 
probably never leave the ground, and | 
wonder how rapidly we are moving in that 
direction. Perhaps there should be included 
with the new requirements and the amend- 
ments which are received from time to time, 
a weight estimate of their effect on, say, three 
or four different types of aircraft. 

If we find that the frequency of a particu- 
lar type of accident decreases, will we 
re-examine our regulations to see if some 
relaxation can be made? 

For example, are the present requirements 
for vertical tail surfaces mandatory for all 
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time, or will we get a relaxation if the 
incidence of engine failure on_ take-off 
becomes so small as to be negligible? 

_ There are one or two little points concern- 
ing other recommendations and requirements 
which I find of interest. 

I believe that the Brabazon aircraft with 
the gust alleviator is being designed to a 
manceuvre factor of less than 4, to be 
operative when the aircraft is in the air 
carrying perhaps 120 people. 

Now, it is of interest to note that the 
recommendations are that ground equipment 
and any parts used for maintaining the aero- 
plane on the ground, should be stressed to a 
factor of 4. This means, presumably, that 


the ground engineer is permitted to be much 
more ham-handed and awkward than the 
pilot, although the results of his indiscretions 
are likely to jeopardise the safety of few 
people but himself. 

Another case very much the same, 
although not necessarily affecting the aircraft, 
concerns ancilliary equipment; this must 
have an ultimate factor of 6 when used for 
military land-based aircraft. The Royal 
Navy, however, use similar equipment with 
a factor of 4 for installing engines, and so 
forth, on its carriers, where presumably 
inertia loads due to the ship’s rolling, and 
so on, may create conditions more severe 
than those met with ashore. 
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My last example concerns the fire regula- 
tions which require heavy fireproof hose in 
certain zones, but permit these hoses, some- 
times fitted with steel unions, to be screwed 
into engine castings made of magnesium. 


DESIGN EFFICIENCY 


Design efficiency consists mainly of having 
the design of an aircraft so formulated that 
the loads to be carried by the structure are 
reduced to a minimum. I believe that this 
should be interpreted in its very widest sense, 
and to illustrate my point I want to draw 
attention to some of the factors which can 
have a considerable effect on the weight 
efficiency of an aircraft. The importance of 
these, I am sure, is not fully realised, with 
the result that insufficient thought appears to 
have been given them. 

For example, I think it can be said that, 
within certain limitations, the smallest 
possible aircraft to carry out a given task will 
be the most efficient. It will weigh less, 
probably cost less to manufacture, and will 
take less power and fuel to drag it along. 
This is so obvious that it hardly needs men- 
tioning, but I know of two landplanes able 
to do essentially the same job and yet the 
fuselage surface area of one is approximately 
15 per cent. greater than the other, and 
naturally is correspondingly heavier. I 
know also of two military flying boats of 
approximately the same gross weight where 
the hull surface area of one is 30 per cent. 
greater than the other. Can one reasonably 
conclude, when faced with these and similar 
facts, that every attention is always given to 
getting the lightest possible aircraft? 

For how many years now have we been 
building metal wings and then cutting holes 
in the main structure to accommodate tanks, 
bombs and undercarriages? We still con- 
tinue with this practice in spite of the fact 
that generally we have no accurate idea of 
the weight penalty involved and I suggest 
that only in rare circumstances does anyone 
sit down and draw up a proper weight 
balance sheet to determine how much might 
be saved by stowing the undercarriage some- 
where else. 

With the growing use of box beam or 
distributed flange wing construction, this 
hole-cutting habit will become a serious 
liability. This fact appears to have been 
realised for some time in the United States 
and Fig. 4 shows examples where the 
designers have chosen to keep the box 
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structure uncut, and have devised means to 
stow the undercarriages elsewhere. 

This figure has been produced before() 
but I have included it because I feel this 
matter is of considerable importance. 

I have tried to assess the weights caused 
by cutting holes in wings but my data js 
somewhat scanty. The only two aircraft on 
which I have the necessary data are the 
Saunders-Roe SR Al jet fighter, where the 
torsion structure was cut into to allow for 
partial burying of the float, and the original 
cut-out for the float on the Saro Princess, 

In the first case the weight penalty was 
115 lb. per hole on a wing panel weight of 
905 Ib., and in the latter case, had the scheme 
been proceeded with, a penalty per hole of 
approximately 950 Ib. would have _ been 
incurred, on a wing panel weight of between 
23,000 and 24,000 Ib. 

These few figures will not be of much help 
to other people, except to indicate the mag- 
nitude of weight which is involved in such 
problems, and I would like to plead for 
every encouragement to be given to the 
collection of like data in order that design 
decisions might be based upon fact, rather 
than intuition. 

I have gone one stage further and pro- 
duced some data, admittedly very bald, but 
I believe the first of their kind relating to an 
actual aeroplane to be published. Fig. 5 
shows the weight distribution for the inner 
wing rear spar of the Saunders-Roe Princess 
flying boat. This diagram illustrates the 
weight penalty incurred by cutting holes in 
the shear webs for the jet pipes and for fuel 
tank access. 

The Princess flying boat has two coupled 
Proteus and one single Proteus engine in 
each inner wing panel. Studying the 
diagram from left to right, the large increase 
in weight is incurred by cutting jet pipe holes 
for the inner engines. The other small block 
on top of this is for the centre section attach- 
ment joints. Moving to the right a small 
weight increase is noticeable. This is for one 
of the doors which had to be put into the 
web to give access to the integral fuel tank. 
The influence of the other door can be seen 
between the weight increases for the centre 
and outer engine tail pipes. The local 


increase at the outer end is for the inner to 
outer wing joint. 

From this diagram we have been able to 
assess with reasonable accuracy how much 
these holes have increased the spar weight. 
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Fig. 4. 
Typical box beam wing layouts. 
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Cut-outs in shear web. 
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Fuselage and aircraft furnishing weights. 


For the double holes it amounts to 180 to 
200 Ib., for two holes, and for the single hole 
to 100 lb. The increase for each tank access 
hole is approximately 15 Ib. 

I am told that the shear per inch in the 
area of the critical hole is 1.25 tons and 
also that the percentage of spar depth cut 
away by this hole is 65 per cent. 

How these data fit together I have not yet 
discovered, because these are the only figures 
I have available. If other people were in a 
position to make similar contributions to our 
scanty knowledge of these problems, the rea! 
economics of buried engine installations on 
all sizes of aircraft might be much better 
assessed. There is little doubt that on 
modern long range aircraft an _ overall 


weight economy is achieved by burying the 
196 


engines, but it would be interesting to know 
at what stage length it would be just as 
efficient to mount them in the usual leading 
edge nacelle. 

Another major point to be watched when 
considering the design efficiency of a civil 
aircraft is the problem of passenger comfort. 
The exact amount of volume per passenger 
that is necessary for reasonable comfort has 
not yet been established, and the standards 
that various operators provide have long 
been a matter of comment. 

Normally it does not come within the 
scope of the weight engineer to comment on 
the merits of packing passengers into large 
or small fuselages, so throughout _ the 


following discussion I have accepted as 4 
basis standards approximating closely to 
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those illustrated in a paper given at the (a) Passenger furnishings, comprising 
1949 Anglo-American Conference“). seat, belt, water, and so on. 
This paper suggested five standards which (b) Aircraft furnishings, comprising 


were illustrated by graphs showing volume, 
floor area, and so on, varying with the 
duration of flight. Because of the serious 
influence the choice of a suitable standard 
can have upon the payload of an aircraft, I 
propose to describe in some detail a method 
which I have evolved for measuring these 
standards in terms of weight. The method 
depends largely upon two main assumptions: 


(i) That the volume per passenger virtually 
establishes the size of the fuselage. 

(ii) That the furnishings can be split logically 
into two groups: 


soundproofing, partitions, and so on. 
Taking the fuselage first, and referring 
back to Fig. 3, it will be seen that one of the 
major influences on fuselage weight is the 
surface area, and in consequence all data con- 
cerning fuselage volume had to be related 
to surface area. Proceeding along the lines 
of some previous work'®) it is found that the 
surface area of a fuselage is linearly related 
to the two-thirds root of its volume, and it is 
also established, from a number of aircraft, 
that the volume occupied by the passengers is 
approximately three-quarters of the fuselage 
gross volume. 
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One point which is of interest and may 
not have been realised previously, is that for 
a given standard the fuselage weight per 
passenger varies with the number of passen- 
gers, because the surface area only increases 
as the two-thirds root of the volume. 

The nomogram Fig. 6, gives a convenient 
form of translating passenger comfort 
standard for any number of passengers over 
any trip length, directly into terms of fuselage 
weight. This can easily be followed by 
tracing along the thick line, starting on the 
upper left hand curves. Taking a typical 
aeroplane with a seven hour duration and 
C standard of comfort and carrying 40 
passengers, the fuselage weight is seen to be 
approximately 5,200 Ib. 

The comfort standard curves are essen- 
tially the same as those produced by Mr. 
Dykes in the paper mentioned earlier); the 
number of passengers’ curves are merely 
multipliers giving gross volume. This is 
translated into surface area along the lines 
just mentioned and by replotting Fig. 3, the 
fuselage weight is obtainable. 

The furnishings have been considered 
somewhat differently. The furnishings of 
an aircraft are related to two things; 
one group, comprising seats, safety belts, 
passenger service items, water, and so on, 
is directly proportional to the number of 
passengers to be carried. The other group, 
or at least many of the larger items com- 
prising the furnishings, is directly related to 
the size and surface area of the fuselage. 
This group comprises mainly soundproofing, 
trim, partitions, floor covering, and so on. 

There are several items which are related 
in some way to both the number of passen- 
gers and the aircraft size, such as the air 
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Summary of furnishing weights. 
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conditioning system, toilet facilities and 
galley. After some consideration it was 
found that these items also can be plotted 
against fuselage surface area without any 
great loss of accuracy. 

I am well aware that this is open to 
discussion and further work is proceeding in 
the hope of arriving at what may be a more 
reasonable analysis. 

Accepting these limitations the specific 
weights of three separate groups, furnishings, 
toilets and galley and air conditioning have 
been plotted against duration in Fig. 7. It 
will be noticed that the scatter of plots is not 
unreasonable when consideration is given to 
the fact that the data cover aircraft built by 
a number of Companies, both British and 
American. Another interesting point is the 
fact that the standard of comfort appears to 
have no influence on the toilet and galley 
weight. 

The weights of these three groups 
have been summarised in Fig. 8 and the 
pressurised curve has been replotted in a 
different form in the bottom left hand corner 
of the nomogram, i.e. Fig. 6. 

To find the weight for the furnishings, 
including pressurisation, to correspond with 
the fuselage weight of 5,200 Ib., follow the 
dotted line to the dotted curve in the bottom 
right hand corner and then read off the 
furnishing weight under the appropriate 
duration (in this case 7 hours) from the 
bottom left hand graph. 

Although some generalisations have been 
made in producing this nomogram, the 
maximum error found when checking nine 
aircraft against it is 6.5 per cent., and this 
would appear to substantiate the two basic 
assumptions mentioned earlier. 

The only figure now required to complete 
the total furnishing weight is that for the 
group of items varying directly with the 
number of passengers. After some analysis 
it was found that this falls approximately 
into three groups, associated with varying 
durations. This item, together with the 
weight of the passenger and his baggage for 
various durations is tabulated in Fig. 9, where 
the passenger and weights associated with 
him are based upon current B.O.A.C. data). 

From this table and Fig. 6 the total weight 
of the fuselage unit, comprising fuselage, 
aircraft furnishings, passenger furnishings 
and passenger can now be established. 

To illustrate the effects of comfort 
standard upon payload, two typical aefo- 
planes of gross weights of 100,000 Ib. and 
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50,000 Ib. respectively, have been chosen, and 
4 weight breakdown for these is given in 
Fig. 10. The associated fuel quantities are 
for durations of 12 and 6 hours, and the 
total weights available for the complete 
fuselage units under these conditions are 
shown. 

The total fuselage unit weights computed 
fom Figs. 6 and 9 for these times, with 
varying numbers of passengers, are illustrated 
in Fig. 11. For the 100,000 Ib. aircraft with 
a duration of 12 hours, changing from B to 
C comfort standard has the effect of 
increasing the number of passengers that can 
be carried from 39 to 47, i.e. an increase in 
payload of over 20 per cent. Similarly on 
the 50,000 Ib. aircraft flying for 6 hours, 
changing from C to D standard will improve 
the payload by nearly 8 per cent. 

It will be seen from these figures how 
important this study is and how irrational it 
might be to compare the weights and 
economics of civil aircraft without due 
regard to the standard of comfort provided. 

That completes my illustrations of what I 
mean by design efficiency, which is primarily 
the responsibility of the Project Department. 

It is the project stage that decides whether 
adesign shall be light or heavy, and it is at 
this stage that the most weight can be saved 
at the least cost of design time and money. 


CONCLUSION 


Tke success of aircraft fitted with the new 
forms of power plant and the desire to fly 
at high speeds over long distances, are putting 
a premium upon accurate weight prediction 
and we must make quite sure that we get 
this weight problem in the right perspective 
in its relationship with the other branches of 
design. 

The intense amount of work being put into 
the study of the aerodynamic and structural 
problems on modern aircraft is not being 
followed with a similar programme relating 
to weight prediction methods. This is rather 
surprising when one considers that for a 
particular aircraft the aerodynamic and 
structure calculations are based upon the 
Weight estimate, and at the moment this 
depends as much upon the intuition of the 
man making it, as it does upon the useful 
data at his disposal. 

Because of the unsatisfactory state of 
affairs which has prevailed in the past, a new 
Pattern for the collection of weight data is 
being evolved. For example, no report so 
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far produced gives a really satisfactory 
method for estimating a wing weight, so we 
are now examining the weights of those 
easily distinguishable features which make 
one wing different from another. This paper 
gives an assessment of the weights of some 
holes in a shear web and also of large cut- 
outs in wings. A paper given before the 
American Society of Aeronautical Weight 
Engineers gave some data on wing stringer 
joint weights‘*) and an analysis of rib weights, 
showing the weights involved by the structure 
for engines, tanks and flap loads. 


Similar work is already in progress on civil 
fuselages and a start has been made on 
undercarriage weights, but the field so far 
covered is very small compared with the 
work which has to be done. The Industry, 
through the Society of British Aircraft 
Constructors, is giving active support and 
considerable encouragement to this work, but 
I wonder if responsible people both in the 
Government Establishments and in_ the 
Industry really know how little labour is 
available for the job, and how much its 
success depends upon the energies of a small 
group of men. 


In my opinion the function of the Weight 
Engineer does not end with just estimating 
the weight of things that other people design; 
I think it is his business to study, in some 
degree, everything that has any influence 
upon the weight of an aircraft. This may 
appear presumptuous but as long as some 
people are given full scope to do this as a 
primary occupation in life, what title they 
have is immaterial. The important thing is 
that we should make sure that there are 
enough of them, led by the right type of men, 
to ensure that our ideas on weight are as 
progressive as our ideas on all other aspects 
of aviation. 


L. W. ROSENTHAL 
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DISCUSSION 


H. Knowler (Saunders-Roe Ltd., Fellow): 
The weight problem was not merely a matter 
of cutting weight on every item on the 
aircraft, but of trying to meet the conflicting 
requirements of many interested parties—the 
design office, the works, and the purchaser of 
the aircraft. Often they could reduce drag 
by the expenditure of weight, and that 
perhaps was the only case in which weight 
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expenditure was justified. Design depart 
ments usually studied that matter carefully. 

Next, they had to consider the com 
structional angle, and sometimes had to give 
away weight knowingly, in order to facilitate 
work in the shops. 

There was also the problem that the 
number of safety requirements was increasing 
steadily and the operator found it necessary 
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io call for new equipment. There were a 
seat many departments which could put 
forward requirements that resulted in added 
weight but, until recently, there had not been 
a department whose duty it was to cut down 
weight. 

By using materials of intermediate gauges, 
and so on, they could save weight, but often 
they had to take what was available at the 
time, rather than wait for sheets of inter- 
mediate gauge, or of a size which suited the 
job best. Castings were also difficult as they 
frequently turned out to be grossly over- 
weight but, because of delays in replacements 
of a lower weight, had to be accenied. 

It had been normal in the Industry for firms 
0 have weight sections where the detail 
weights were collected and the total weight 
and C.G. assessed, but in the past few years 
a new sort of department had come into 
being called Weight Control. Saunders-Roe 
Ltd. had such a department and it was most 
beneficial in watching the weight aspect from 
the initial conception through to the design 
stages to its completion and, at every stage. 
drawing the design department’s attention 
not only to weight increases, but also to 
means of reducing them. 


The necessity for restriction in empty 
weight was becoming more and more impor- 
tant. In the past there had been machines 
which had successfully developed their weight 
by 20 or 30 per cent. above their design 
weight. Modern aircraft had to be designed 
much nearer the bone, and it was essential to 
keep a check on every item. 


Much of the weight of an aircraft was out 
of the control of the designer. Using Mr. 
Rosenthal’s breakdown of aircraft weight, 
the structure weight represented 27 per cent. 
of the total—obviously this part was fairly 
well under the control of the designer. The 
power plant represented another 18 per cent., 
not under his control, but in the hands of 
weight-conscious people. The equipment and 
services accounted for 15 per cent. and was 
least under proper weight control. If equip- 
ment weight were considered seriously it was 
found that practically every item in it was 
duplicated, in the interests of safety, and this 
was practically independent of weight control. 
The items themselves were frequently grossly 
over-weight and he had found it difficult to 
estimate the weight of aircraft parts falling 
under this heading. It seemed to him that 
large weight savings could be effected by 
cutting down the amount of duplication, and 


general design to meet failure, by increasing 
the safety margin in equipment to the point 
where duplication became unnecessary—main 
aircraft structure was seldom duplicated and 
this was surely as important as equipment. 
If they could save five per cent. of this 15 per 
cent. equipment weight, and could add it to 
the payload, there would be a big percentage 
increase in earning capacity. 

A check should be made on the equipment 
items—they would be surprised at the extent 
of duplication which had to be accepted. 


J. Davies (Armstrong Siddeley Motors 
Ltd.): He must defend at least one engine 
company and, speaking also on behalf of the 
Power Piant Weight Panel, say that they had 
an equally keen interest in weight control as 
had a few of the airframe companies. 

He thought the graph in Fig. 1, indicating 
the variation of engine weight with time, as it 
stood merely mis-led and proved nothing 
(unless it be lack of liaison). In his paper 
Mr. Rosenthal referred to power plant 
weights, but plotted engine weights. The 
latter term was used too ambiguously by the 
airframe people, and as no one could define 
exactly what an engine was, what did the 
graph convey? 

If the graph purported to be power plant 
weights the author did not state whether the 
weights conformed to the §.B.A.C. power 
plant definition, or whether ancillary items, as 
defined by the $.B.A.C. Power Plant Weight 
Panel, were included. 

The author had said that: “the power 
plant installation is to a considerable extent 
in our hands...” and had shown that many 
variables were involved in an accurate initial 
fuselage weight. 

These latter variables had an appreciable 
effect on power plant and ancillary weights 
and he recalled several instances of airframe 
modifications and additional requirements 
involving weight penalties varying from 40 
to 300 Ib. per power plant. Consequently, in 
the absence of the actual figures on which the 
plots were made, and—what was more 
important—the history behind the figures, he 
refused to accept the graph as a general 
indication of power plant weight estimation. 
The curve in Fig. 2 (variation of structure 
weight with time) was poor compared with 
the Brabazon—according to the popular 
press and the radio! 

As for repercussions on engine mounting 
structure and so on, precise airframe require- 
ments—instead of merely embryonic infor- 


201 


Lutical 
enition 
and 
from 
this 
and 
their 
>; and 
and 
n the 

on. of 
given 
oceed- 
1929, 
velop- 
The 

= 

Data 


DISCUSSION 


mation—in most cases would enable stressing 
and subsequently weight estimation, to be 
more accurate initially. 

He had had great difficulty, even after 
engine delivery, in obtaining weight and C.G. 
data for additional power plant items which 
influenced stressing and, consequently, the 
total power plant weight. The lack of suffi- 
cient airframe data might well be the reason 
for the increased power plant weight of 
certain reciprocating engines, as had been 
mentioned. Did not Mr. Rosenthal believe 
that the increase in overhaul hours was bound 
to lead to a slight increase in engine weight? 

In making weight guarantee clauses, how 
would Mr, Rosenthal allow for lack of infor- 
mation from an airframe company in the 
project stage? He believed he could provide 
a few plots. 

The engine companies were in a position 
similar to that of the wheel manufacturers in 
certain respects, e.g. conversions. The weight 
of a similar power plant was usually obtained 
from one of the technical sales staff or based 
on brochures which invariably quoted net dry 
weight, but when the installation was 
attempted, modifications were necessary and 
must be made on the power plant in 90 per 
cent. of cases. Nevertheless, the original 
guess was still considered right, and the poor 
power plant was said to have increased in 
weight—hence Fig. 1. 

He was glad Mr. Rosenthal had noted that 
engine companies were endeavouring to con- 
trol castings, but was afraid that most 
foundry people preferred to produce a thou- 
sand pots or pans rather than a compiex few- 
off casting proposition. It was mainly 
“ Hobson’s choice.” What was the solution 
to the problem under existing industrial con- 
ditions? 

He believed that the estimation of a power 
plant was immeasurably more difficult and 
intricate than airframe estimation and knew 
that all power plant weight people supported 
this view. 

He urged that more co-operation, parti- 
cularly in the early stages, would achieve a 
great deal and appreciated Mr. Rosenthal’s 
efforts to bring before those concerned the 
importance of effective weight control. 


H. H. Gardner (Vickers-Armstrongs Ltd., 
Weybridge, Fellow): The problem of getting 
sufficient effort into weight control had been 
one of the most difficult during the past few 
years. There had been a serious dissipation 
of energy in getting the right men to do the 


202 


job; this he considered to be one of the 
weaknesses of the present weight estimating 
sections. The original weight man, some 20 
years ago, was usually the office boy; if the 
weight office were given a little more technical 
glamour, it might gain a little more promin. 
ence in the design office, and thus suffer less 
from staff difficulties. 

He supported Mr. Rosenthal’s view 
strongly that in future weight would be saved 
in the project office. Weight control was 
more like a thermometer than a temperature 
control: if the weight were high, so was the 
thermometer reading, but if the level were 
down, it was because the department was 
doing something to reduce the weights, 
Quite often a weight man was powerless to 
do anything to prevent weight increases, 
except to report what was happening. That 
was a case of weight control breaking down 
and becoming merely weight recording. 
Increased effort was essential to ensure that 
that breakdown occurred as infrequently as 
possible. 

Another important matter, particularly in 
the modern aeroplane, was the reduction of 
fuel weight—both of the fuel required for 
the flying range and the fuel required for 
emergencies and for stand-off allowances. In 
some modern aircraft the amount of fuel 
carried was responsible for between 40 and 
50 per cent. of the total weight of the aircraft; 
the saving of a fraction of one per cent. of 
the fuel carried was much more important 
than the saving of a few pounds on the 
structure weight. The stress man had carried 
the load on the structure, and had done his 
job reasonably well. As had been pointed 
out recently, if the structure were designed 
efficiently its weight could be reduced by at 
least one-third of its present value; it would 
then, however, be completely impractical, and 
quite impossible to produce. A better solu- 
tion of the practical difficulties, while meeting 
as closely as possible theoretical require- 
ments, provided much scope for weight 
saving. 

If more effort could be devoted to the 
preparation and presentation of statistical 
data—probably it would have to be done by 
a Government establishment—it might be 
much simpler for the chief weight men in the 
Aircraft Industry to make their thermometers 
work! 


T. B. Bryant (Chief Weight Engineer, 
Vickers-Armstrongs (Supermarine) Ltd): 


Mr. Rosenthal had implied that so long as 
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some group studied everything influencing the 
weight of an aircraft as a primary occupation, 
it was not important whether they were called 
Weight Engineers. Did Mr. Rosenthal think 
the present training of those men, who nor- 
mally graduated from the weight recording 
section, Was adequate and was it satisfactory 
for them to be so closely associated with that 
section? 

§. D. Davies (A. V. Roe & Co. Ltd., 
Fellow): He agreed with Mr. Rosenthal on 
the status of the weight control office, and 
also with Mr. Gardner that too often the 
problem of weight control had been regarded 
asa job for the office boy. Perhaps most of 
them had been guilty of that in the past. 


At A. V. Roe & Co. Ltd. they had decided 
to make a change a year or two ago. Having 
built their weights department up to a 
strength of approximately twenty “ office 
boys,” the company had started re-arranging 
their work so as to convert them into “ weight 
controllers.” To do this two steps had been 
taken. 

First, it was decided to make the draughts- 
men responsible for estimating the weights of 
the things which they themselves drew; this 
had the effect of making the draughtsmen 
weight-conscious and as they were given an 
original target to work to, corrective action 
could be taken at the drawing board stage 
if the target were exceeded. Secondly, instead 
of the weights department spending a large 
proportion of its time in adding up total 
weights, and then coming along with the 
dismal story, when it was too late, that the 
weights had gone up and the C.G. had gone 
too far aft, they were now using mechanical 
tabulating methods successfully to do this 
part of the job. This was releasing the staff 
to do more basic work in the way of weight 
controlling, not least of which was the fixing 
of realistic targets in the first place, based on 
analysis of statistical data from existing types. 
Thus, the weight men were no longer six 
months behind, but were a week or two in 
front. He was sure that only by such 
methods could the weights office do really 
useful work. 

He fully agreed with Mr. Rosenthal on the 
Subject of the relative accuracy of weight 
estimation on the primary structure and on 
the rest of the aircraft. He agreed with Mr. 
Gardner that the stress office had had to carry 
most of the weight saving load in the past, 
and in so far as their work was capable of 
reasonably accurate calculation, it was 


difficult to see at the moment that they 
could make further substantial contributions. 
Therefore, when looking for people to blame 
they could not help going for the people con- 
cerned with the power plant installations— 
not the engine manufacturers, necessarily— 
and those concerned with equipment. They 
must all agree that in many cases the equip- 
ment was not designed, but just happened, 
and this applied to the provision for it on the 
aircraft, for which the aircraft manufacturers 
were responsible. How many of them had 
not dashed along a darkened bomber fuselage 
and hit their shoulders on brackets, which 
they had bent? Asking who had designed 
the fittings they were told that they were 
perfectly adequate for the equipment they 
were designed to hold. 


The immediate reaction was to stiffen such 
a bracket, or else there would be moans 
later on from the service and maintenance 
personnel. Mr. Rosenthal would probably 
then criticise the bracket as too heavy for the 
job which it had to do, but human beings 
were clumsy, and this must be taken into 
account in designing attachments for equip- 
ment. 

Obviously, the perfect answer was to get 
rid of the brackets and so conceive the design 
in the first instance in the project office that 
such additions to the main structure were not 
necessary. Most of the emphasis in the paper 
had appeared to be on civil aircraft, which 
they were given to understand could be so 
perfectly designed from the beginning that 
every piece of equipment could be considered 
in the project stage and properly catered for 
with the minimum of additional “ bracketry,” 
and the maximum accessibility for mainte- 
nance. Unfortunately, with military aircraft 
continual changes in operational requirements 
had to be coped with and this inevitably 
meant additional “ bracketry ” and, conse- 
quently, additional weight. 

Although Mr. Rosenthal was correct to 
make the strongest possible case for accurate 
weight control and weight saving in general, 
he felt there was a certain amount of rather 
special pleading in the paper. As an example 
in the section “ Safety Requirements ” it was 
stated: “Now, it is of interest to note that 
the recommendations are that ground equip- 
ment and any parts used for maintaining the 
aeroplane on the ground, should be stressed 
to a factor of 4. This means, presumably, 
that the ground engineer is permitted to be 
much more ham-handed and awkward than 
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the pilot, although the results of his indis- 
cretions are likely to jeopardise the safety of 
few people but himself.” 


The man who used the ground equipment 
was not necessarily a ground engineer, but 
might be a labourer. He did not wish to 
discuss the wage rates of ground engineers or 
labourers on an airport, but they certainly did 
not approach that of the pilot of Brabazon- 
type aircraft. Such people were inclined to 
be ham-handed and it was useless to design 
equipment for their use which was subject to 
accidental damage. 


G. R. Edwards (Vickers-Armstrongs Ltd., 
Weybridge, Fellow): Was it not the crux of 
the whole business in aviation, as it was in 
many other spheres, that the man who 
bought the aeroplane dictated to a large 
extent what would be put into it, and whether 
the various things in that aeroplane would 
be as light as they could be? Mr. Rosenthal 
had pointed out, rightly, that in discussions 
with instrument and equipment manu- 
facturers they were often asked how much 
extra they were prepared to give for making 
a thing lighter. A similar question was 
asked about the majority of the other things 
in an aeroplane, but not necessarily in terms 
of money. For example, fuel could be 
carried in an aeroplane in integral tanks, or 
the same amount of fuel could be carried in 
the same aeroplane in crashproof bag tanks, 
but the weight of the latter might be 400 or 
500 Ib. more than the weight of the integral 
tanks. That extra 400 or 500 Ib. weight 
might be considered by the customer to be 
worth while because of the additional safety 
which he might think was obtained with the 
separate tanks. Who was to say that the 
more robust equipment would be the better 
proposition than one which was perhaps 
better designed, but which might give trouble 
because it had an unpleasant knack of falling 
to pieces? 

Those were some of the major problems 
in deciding how far they should go in 
reducing weight. 

The important factor of engines was their 
functioning. Were they going to install an 
engine which was in itself lighter than 
another, but which consumed far more fuel 
than a heavier engine because of adverse 
specific consumption? 

He was not suggesting that they should not 
make every effort possible to save weight, 
but the lightest thing was not necessarily the 
most attractive ultimately. What they all 
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wanted to see was more competition; it was 
from the lack of competition that they were 
suffering. They ordered from the equipment 
industry or the castings industry some special 
bits and pieces, but either they could not get 
them or they had to accept something 
inferior; they had to accept something even if 
it weighed 25 per cent. more than it should, 
simply because there were no other suppliers 
from which they could get the lighter article 
which would do the job equally well. By 
far the best way in which to ensure that things 
were made light would be to take the orders 
away from those who produced the things 
heavy; but they could not do that because of 
lack of competition. 

The statistical data produced by a weights 
office, and on which they could base future 
designs, was undoubtedly of great value. To 
have to grope in the dark in the early stages 
of the design of a new aeroplane, without 
having some of the facts on which to assess 
the merits or de-merits of any particular line, 
was one of the most hazardous features of 
modern aeroplane design. Anything that Mr. 
Rosenthal and his colleagues could do to 
widen the information available would be 
most valuable; and he supported the plea 
that the national establishments should do all 
they could in that direction, for then they 
would be able to make the basic conception 
of the aeroplane lighter than it could be 
without that data. 


Mr. Rosenthal’s paper represented an 
extension of the paper by Mr. E. J. Richards 
(A Review of Aerodynamic Cleanness), in 
which it was urged that in order to achieve 
the best possible aeroplane aerodynamically 
the strongest efforts must be made to 
improve the detail design. Weight engineers 
could not improve the detail design, but they 
could point the way. The whole of the design 
office must get down to making the bits and 
pieces better than they were before. Again 
they came back to the problem as to how 
much they were prepared to pay in terms of 
time for the extra effort and delay involved 
in scrutinising every piece that went into the 
aeroplane, in order to determine whether 
weight could be saved without anybody being 
worse off. 

He felt there was a tendency in civil 
aviation towards rather too much on the 
prestige and passenger-fussing side, and to 
overlook the economic aspect in trying to give 
the comfort which it was said the passengers 
wanted, He was not sure the passengers did 
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want it; the important point was to be able 
to carry passengers to their destinations in 
reasonable comfort at lower costs. 


E. N. B. Bentley, Assoc. Fellow: He 
endorsed Mr. Gardner’s remarks about the 
assistance that could be given by those con- 
cerned with aviation, but who were outside 
aeroplane or equipment design. If much 
more attention, time and labour were devoted 
to the improvement of weather forecasting 
and landing procedure, they would be able 
to effect savings in fuel reserves which would 
give far greater increases of payload than 
would even the most optimistic efforts of Mr. 
Rosenthal or the designers. The whole 
object of reducing structure weight was to 
increase payload. 


I, O. Hockmeyer, Assoc. Fellow: He agreed 
with Mr. Edwards that in some cases the 
addition of weight might well be considered 
worth while. They had had lectures dealing 
with safety, maintenance, production, and so 
on, all factors tending to increase weight. 
Safety was not usually overlooked. On 
maintenance the point had been made that in 
quite a number of cases increasing, even 
doubling, the weight of a small piece of 
equipment, while adding a few ounces, or 
even a pound or two, would render the air- 
craft a more paying proposition, because the 
operator was able to avoid the repeated 
expenditure of many costly man-hours in 
getting at that equipment, repairing it and 
adjusting it, as against a slight reduction of 
payload. They should not be afraid to accept 
a little extra weight where it was found to 
be advisable from the point of view of 
lessening maintenance work. 

In the design of equipment, weight was 
often hidden in inefficiency. During the war, 
when considering certain accessory devices, 
such as motors, formule were produced in 
which losses were expressed in terms of 
weight (assuming a certain role for the air- 
craft for which those accessories were 
intended). In selecting one of two or more 
designs it did not necessarily follow that the 
lightest was the best. This was particularly 
likely to be true in the case of continuously 
Tunning equipment: if the lighter one were 
less efficient, the overall weight it entailed 
could be the greater since, in general, all acces- 
sory power must be provided by the main 
engines, and more fuel would be required. 

An example of how losses were incurred 
was the hydraulic constant volume pump 
Whose output power was constant whether it 


were being usefully employed by the driven 
accessories or not. Another example was the 
supercharger drive used in some types of 
German aircraft which employed a slipping 
hydraulic coupling and in which all the 
energy lost in slip represented wasted fuel. 
There seemed to be a tendency to overlook 
such losses. 

At a Section Lecture recently on accessory 
drive gearboxes,* he had asked how the gear- 
box designer knew that his box was a good 
one from the weight point of view, and what 
were his criteria in the case of complex items 
where the issue was fogged by the difference 
in numbers of drives, output speeds and so 
on? As those lectures were not reported he 
would not indicate what reply he had 
received! Surely there was a need for 
standards such as there were for main engines 
(horsepower per pound), for electric machines 
(watts per pound), and so on. 

Contributed: The whole and not just the 
part must be considered. If the speed range 
of the accessories driven by the main engine 
could be halved their weight could be halved. 
If 70 per cent. of that saving were spent on 
making the gearbox a two-speed box instead 
of a single speed box, it would be well worth 
while. When it was said that a two-speed 
box was heavy was the increase balanced 
against the potential saving? 


N. E. Rowe (British European Airways, 
Fellow), contributed: Various speakers had 
agreed on the importance of the weight man’s 
activities at the project stage, but for its best 
application it must rest on two provisos: first, 
that the organisation allowed a free circu- 
lation among the various design and develop- 
ment sections, of the man in charge of the 
weight section and allowed him to report at 
a proper level; second, that he could bring 
forward such comparative data on weight 
saving as would be valuable at the project 
stage. What was the organisation at 
Saunders-Roe Ltd. which enabled Mr. 
Rosenthal to make such a valuable contri- 
bution. Had he a clear mandate to criticise 
and to whom did he report? On the second 
point, Mr. Rosenthal had given examples of 
the sort of data which were required and he 
supported the plea to all firms in Great 
Britain to enlarge the data as rapidly as 
possible. 


* The Design and Development of Engine-Driven 
Gearboxes, G. W. Buss, A.F.R.Ae.S. Section 
Lecture read before the Society on 22nd Nov. 
1949, 
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DISCUSSION 


He did not altogether agree that the 
smallest aircraft for a given specified task was 
the best. A small aircraft might be obtained 
by the designer by putting up the wing load- 
ing and using high-lift devices to obtain the 
standard of landing and take-off requirements 
needed. This might have the result of 
making the flying characteristics of the air- 
craft, especially in the critical approach 
stages, relatively poor and also it might 
make the aircraft critical for engine-cut 
conditions. Thus, the weight consideration 
needed to be leavened by others, so that they 
got the smallest aircraft which would be 
entirely satisfactory as a flying machine and 
for its purpose. 

The weight engineer certainly should bring 
his influence to bear on the weight of equip- 
ment supplied for fitment to his aircraft, but 
on much of this equipment there was a con- 
sideration of reliability which within limits 
might be much more important than that of 
weight reduction. It was the combination of 
good reliability with low weight that was 
needed, and he did not think this could be 
obtained without life testing, either in the air, 
or preferably under representative conditions 
in the laboratory. A great deal could be 
done quickly on those latter lines, and they 
were now investigating this within British 
European Airways. 


A. H. Stratford (British European Airways, 
Assoc. Fellow), contributed: The lecturer 
had asked one very important question: 
“How many airframe manufacturers are 
today prepared to say ‘On our ‘so and so’ 
aircraft for every pound saved on proprietary 
equipment weights, I will be prepared to 
meet additional costs up to £x.’” He wished 
it could have been discussed, for the study 
of weight was one of the most important 
aspects of that economic complex which was 
the whole field of design and operation of 
civil aircraft. 

In the early stages of design little informa- 
tion had generally been available as to the 
economic value of weight saving on structure 
or equipment, and it had perhaps been fair 
to assume that the designer was working in 
the dark. He did not think there was any 
need for this and a simple study of the 
problem could provide some worth while 
answers. 

Two aspects of weight saving affected the 
economics of operation in different ways. 
There was the weight saved on an aircraft, 
probably already in service, which involved 
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negligible cost and perhaps, by the removal 
of equipment (to take the simplest case) 
enabled an increase in bookable payload to 
be made available. The value of this weight 
saving might be estimated from the increased 
revenue potential, the average load factor 
anticipated and the utilisation and expected 
operating life of the aircraft. In this case, 
they should note that the specific direct costs 
would fall (if the load factor remained con- 
stant) and there would be an increased 
margin between revenue and direct operating 
costs for each unit load-mile flown. An 
approximate value of £200 to £300/Ib. in the 
life of an aircraft on medium range opera- 
tions could be arrived at in this way, but 
this would vary directly with the various 
factors already mentioned and would be 
greater for the modern high performance 
expensive aircraft, with a long operating life, 
than for the small feeder-line aircraft for 
which the utilisation and life expectation 
were more modest. 

In the second case, consider an aircraft 
which in the design stage or after 
introduction into service, had weight-saving 
modifications incorporated which involved 
extra costs in labour and materials, with the 
object of increasing its bookable payload 
capacity. The question was how far was the 
operator prepared to go? What would he 
pay? The answer given in the first case 
would be misleading, for the investment of 
additional capital was involved. There was 
a more expensive aircraft to be insured. 
Further, the operator was not necessarily 
offered now a transport vehicle with a lower 
ton-mile cost. The price that was asked 
might be too high for him to ensure even 
equal specific costs. 

A study of this problem had shown that 
the operator would generally be prepared to 
pay a useful premium for the engineering of 
lower weight, but it was considerably less 
than the case first discussed. Nevertheless, 
the development cost of weight reduction in 
many aircraft components and items of 
equipment could undoubtedly be regained in 
lowered costs of operation per ton-mile. 

For transport aircraft under consideration 
for selection as a fleet type, if analysis of the 
design showed the general engineering, main- 
tenance and performance characteristics, as 
well as the airworthiness and operational 
standards to be satisfactory, then an assess- 
ment on the basis of specific operating costs 
must determine the final choice. The attain- 
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ment of a low level of specific costs must 
therefore be one of the main aims of design, 
and to the relationship between the prime 
cost of the aircraft and the payload available 
4 large amount of attention would be 
devoted. 


In those remarks the direct costs of 
operation were divided into two parts: A 
sanding costs, and B other costs, where A 
included obsolescence, insurance and interest 
(this last item was included contrary to 
normal accounting practice, but was claimed 
to be justified here since the concern now 
was With engineering design for least costs 
and not with the niceties of accounting) and 
B included all other direct costs including 
crew, fuel and oil, all engineering expenses 
and landing fees on the representative route 
taken. 


A might be written in full as: 
¢\(Co+k(Q- 
per hr. 


where V = Aircraft value ratio 
Initial Residual 
Initial 
S= Factor to allow for cost of spares 
r= Annual insurance rate 
i= Interest rate 
L= Aircraft life (years) 


C,=Basic first cost of the aircraft 
before weight saving modifica- 
tions (£) 

k = Development of modification cost 
(£) per lb. of weight saved 

Q=Final payload achieved after 
weight saving (Ib.) 

Q, = Original payload (lb.) correspond- 
ing to basic aircraft of cost £ C, 

U= Aircraft utilisation (hours per 
year) 

Clearly the final cost of the aircraft would 
beC,+k(Q-@Q,) £. The group represented 
as B £/hr. (all other direct costs) was not 
further subdivided. 

Now if Vg=block speed, and Z substituted 
for [(VS/L)+r+iS] then the specific direct 
cost (pence per passenger (200 Ib.) mile) was 


If now k, the oe. cost £ per Ib., 
was considered to be that giving no change 


in specific direct cost, so that a lower value 
than this would give an improvement in 
specific costs, then: 
dQ) QV, U U 
or 


Clearly this value of k ont vary con- 
siderably from one aircraft to another and 
for one aircraft would tend to increase with 
the length of stage flown (Q, decreasing and 
U increasing). However, for a given specifi- 
cation or with known route operating costs, 
a sufficiently accurate value of this maximum 
permissible value of k could be derived. 


It was interesting to take typical values of 
the constants for two different types of 
transport aircraft operating on representative 
length flights. 


I Medium range transport 
C,=£3 per lb. W=Take-off weight 
U =2,000 hrs. per yr. 


B 8 
10,000 per Ib. 
0.9 
| S=1.25 
w 70-15 Z=0.23 when r=0.05 
{ i=0.03 
L=8 years 


Therefore k=67 £/Ib. 
Il Short range feeder transport 


C,=£2.5 per lb. U=1,500 hrs. per yr. 
B 12 
Q./W =0.20 w= 10,000 £/hr. per Ib. 
Z=0.23 (as I) 


Therefore k=52 £/Ib. 


The results were very general and indicated 
purely the order of the values concerned, but 
they had some interest, he believed, in show- 
ing that the civil operator could afford to 
pay little more than one quarter of the 
apparent earning capacity of the increased 
bookable payload. 


While these unit weight costs defined the 
limits above which it was uneconomic to go, 
considerably lower rates had been possible 
in the past and must still be the aim of the 
manufacturer if his product were to stand 
out above all others. Indeed, if the required 
standards of transport service were to be 
maintained at a continually decreasing level 
of costs, the economic value of load and 
weight must be considered at all stages of 
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design, and throughout the operating life of 
the aircraft. It was suggested, therefore, that 
the principle outlined could be usefully 
employed in this way in conjunction with 
costs and data provided by the British and 
American published airline statistics, or with 
generalised figures such as the S.B.A.C. 
Direct Operating Cost Method provided. 


MR. ROSENTHAL’S REPLY 


Mr. Knowler: He was appalled by the 
number of things which had to be done 
twice, because the first might not work 
properly. He was always in favour of the 
designer who would add a few ounces to 
ensure that a component would really work, 
for if they were assured that it would work 
they could dispense with a duplicate. 


Mr. J. Davies: Perhaps some of the remarks 
made in the paper had been misinterpreted. 
In his opinion it was up to the airframe 
people to deal properly with all of the bits 
and pieces they had to add in order to make 
an engine work. It certainly was an error 
to refer to power plant weights when in 
fact he was dealing with engine weights and 
he was indebted to Mr. Davies for drawing 
his attention to this point. 


There were difficulties in naming particular 
engines at a lecture of this nature, but he 
had no intention of retreating from the 
figures illustrated, which were obtained by 
him from sources for which he had the very 
highest regard. 


The figures given were all quoted by the 
various engine companies and so far as he 
was aware the power output and overhaul 
conditions remained unchanged. He could 
noi think of a case in his experience, where 
weights given by engine manufacturers at 
the prototype stage, had not been increased. 
Perhaps his experience was unfortunate, but 
it was that engine weight grew, and that in 
some cases the fuel consumption increased 
as well. 

Reference had been made to things which 
the airframe manufacturers did not know in 
the project stage, but it was not clear as to 
how this could affect the weight of the engine, 
for in many cases the engine weight was 
stated in a brochure before the aeroplane 
was even thought of. 

He had always understood that the weight 
figures quoted in the brochures produced by 
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the engine manufacturers did, in fact, 
represent the weights of the engines. If they 
did not, or if they had conditions tied to 
them, surely it was up to the engine manu. 
facturers to make this amply clear in their 
literature. He wondered if in this connection 
he detected signs of a difference of opinion 
between the weights and sales departments 
of the engine companies. 

Mr. Davies’ remarks about Fig. 2 were a 
little difficult to follow since he had not set 
out to illustrate the best achieved, but to 
give typical sets of figures. He could not 
accept Mr. Davies’ contention that the 
estimation of engine weight was more difficult 
than the estimation of the complete aircraft, 
since not only had the vagaries of the engine 
manufacturer to be contended with but those 
of the suppliers of airscrew, equipment, and 
so on, as well. 

He appreciated Mr. Davies’ vigorous 
comments and if anything that had been said 
led to more attention being given to those 
matters, something useful would have been 
achieved 


Mr. Gardner: He was grateful for the 
reminder that the work of weight control in 
the past had been considered work for the 
office boy; that outlook had prevailed for 
too long. He believed Saunders-Roe Ltd. 
was one of the first companies to have 
changed this outlook. He also agreed that 
those concerned with weight control could 
do with a little more glamour. 

The statistical data story was one on which 
every assistance was needed, and it was 
pleasing to record that very great co-opera- 
tion was manifested by most companies; he 
supported the plea that the Government 
establishments might do more in that con- 
nection than they were at present able to do, 
for the load was coming on to the aeroplane 
industry and they had to try to fit it in with 
routine work in the office. 


Mr. Bryant: In at least one American 
company the senior people in the weights 
office had drawing office and stress office 
experience first, and their control was 
exercised in the scheming stage on the 
drawing board; that was necessary because 
experience had shown that weight reductions 
could not be effected at subsequent stages. 
Some of those now engaged in America on 
weight control were of the standard they 
would expect to find occupying an assistant 
designer’s post. In his own company, 
normally the weights section had divided 
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itself, or was dividing itself, into classes of 
prsonnel, and it was essential that the 
snior people there should be encouraged to 
sain experience in the stress office and the 
drawing office which would enable them to 
set down to the problems of weight control 
in the scheming stage. The weights section 
was not part of the stress office, but a 
separate unit, and possibly that was the most 
satisfactory arrangement, because the stressed 
part of the aeroplane usually did not com- 
prise much more than about 30 per cent. of 
the aeroplane, when they included all the 
odds and ends. The second 30 per cent. was 
represented by the fuel, the remainder com- 
prised all the other pieces. There did not 
seem to be a lot that the stress office could 
save in large quantities nowadays, and he 
considered that the weights office should be 
given real freedom to tackle the other matters 
which might not come under the jurisdiction 
of the chief stressman. 


Mr. S. D. Davies: It was interesting to hear 
about the weights department of A. V. Roe 
and Co. Ltd., but he was surprised that there 
were as many as 20 people in it. In the 
paper he had confined his attention to civil 
aeroplanes as much as possible, because that 
was the side of the subject with which he 
was most closely associated at the moment, 
and references to military aeroplanes might 
have led him into difficulties. 

They should not tolerate ham-handed 
people in the Aircraft Industry; they did not 
tolerate them as signalmen, or drivers, or 
typewriter service people, and so on; and 
there was sufficient evidence in Great Britain 
that they were prepared to consider people’s 
physical stature as well as their technical 
ability when selecting them for various jobs, 
for if their jobs were not done properly the 
results would be uneconomical. Therefore 
they should develop a new outlook and insist 
that aeroplanes being designed and flown 
by technically trained people, must also be 
maintained by trained people; he had 
suggested in the past that if they trained very 
light ground engineers and crews, weighing 
something like 9 stone instead of the more 
usual 12 or 14 stone, they might be able to 
save much weight on aircraft. There were 
stewardesses, boxers, soldiers and policemen 
who had to conform to certain physical 
limits; why should that not apply to ground 
staff also? 

Mr, Edwards: On the question of the 
amount of time and money that could be 
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spent on weight saving in design, it was 
interesting that a number of companies in 
the United States attempted to establish, at 
the project stage of a design, how much one 
lb. was worth in design and manufacturing 
time. There were several methods of 
approach. One was to divide the weight of 
an aeroplane into its cost, and to conclude 
that the cost, say, was £10 per Ib., or what- 
ever the figure was. There were other 
methods, which had been described else- 
where, and a study of, and the introduction 
of a similar system in Great Britain might 
do good. 

As to the tendency to pander to customers’ 
requirements in the way of comfort, and so 
on, surely they could not be prepared to 
provide all that was asked for, to the extent 
of putiing themselves out of business. 
Perhaps the customers needed to be 
educated, as well as themselves. 


Mr. Bentley: Mr. Bentley’s remarks on the 
importance of improving meteorological 
information services and landing procedure 
were in accord with his own view that, by 
employing better ground engineers, and in 
fact many ground services, they should be 
able to save a good deal. 


Mr. Hockmeyer: He agreed that some 
sacrifice of weight to improve maintenance 
could be justified, but admitting this, it soon 
became easy to invent conditions and argu- 
ments which would involve increases of 
weight, and could create conditions where 
the importance of weight might be over- 
looked. Mr. Hockmeyer’s comments on 
the methods of using power for auxiliary 
services certainly drew attention to an 
important field where economy of weight and 
power apparently deserved much more 
attention. 


Mr. Rowe: Mr. Rowe had drawn attention 
to what was perhaps the most important 
point about weight control—what steps did 
people take to see that it really operated? 


At Saunders-Roe Ltd. in recent times the 
weight department had been constituted as 
a separate department responsible only to the 
chief and assistant chief designers, and 
having a standing similar to that of the 
drawing office, stress and aerodynamic 
departments. The policy had been to build 
up gradually a staff with a normal engineer- 
ing background, apprenticeship and so 
forth, with a technical education up to, or 
approaching, Higher National standard. 
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Very close co-operation with all depart- 
ments, particularly in the project stages, was 
maintained, and any contributions that the 
weight department could offer were made 
to the departmental head concerned and in 
cases where serious disagreements arose, 
those could be taken to the chief designer. 
This was not usually necessary because of 
the close and friendly relationship between 
the various design groups. 

As chief weight engineer he enjoyed the 
confidence of his employers in connection 
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with the exchange of data relating to the 
company’s products and was given every 
facility to take part in the activities organised 
by the Society of British Aircraft Cop. 
structors, Ministry of Supply, and so on, 
which would result in lighter aircraft being 
produced. 

This had naturally resulted in a consider. 
able improvement in the collection of 
Statistical data, with its attendant widening 
of knowledge of the weight problem 
generally. 
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THE REDUCTION IN WEIGHT OF 
STRUCTURALLY IMPORTANT AIRCRAFT 


COMPONENTS 


BY CONTROLLED COLD- 


WORKING DURING MANUFACTURE 
by 
J. G. H. BROWN, A.R.Ae.S. 


sen paper is concerned with a suggested 
technique whereby light alloys, already 
possessing high mechanical properties due to 
heat-treatment, may have these properties 
further enhanced by the judicious use of 
cold-work. It is proposed that in the search 
for methods of reducing the weight of 
important aircraft components, the question 
of mechanical properties in general, and 
ductility in particular, should be reconsidered 
from an unorthodox angle. 


First it is necessary to examine what 
mechanical properties are (see Fig. 1). The 
mechanical properties most generally quoted 
are those of proof stress, ultimate tensile 
stress, and elongation per cent., and it is 
these properties which form the basis of 
most specifications, in so far as the strength 
and structural functions are concerned. The 
more obscure properties are fatigue strength, 
Young’s modulus of elasticity, limit of pro- 
portionality and yield stress. It may be 
wondered why the homely, and to many, 
familiar yield stress is given highest place 
as regards obscurity. The answer is perhaps 
best given by asking a series of questions. 
What is the definition of yield stress? 


Is it above or below the limit of pro- 
portionality ? 

Is it above or below the 0.1 per cent. proof 
stress? 

What other material, apart from dead mild 
steel, gives a recognisable yield point? 


The answers to these questions are 
unknown to the author, and if two men are 
heard discussing something about which 
neither knows anything for certain, the 
subject is probably yield stress! Yield stress, 
therefore, will not be mentioned again. 


Prize-winning Paper submitted for the Hatfield 
Branch Discussion Evening Competition, 1949. 

Mr. Brown is Chief Assistant to the Aircraft Divi- 
sion Metallurgist, The de Havilland Aircraft Co. 
Ltd., Hatfield. 


Dealing with the mechanical properties in 
the order given, (1) proof stress is that stress 
which produces a permanent set equal to a 
certain percentage of the gauge length over 
which the measurement is made. It is 
usually 0.1 per cent. or 0.2 per cent. (2) 
ultimate tensile stress is that stress at which 
fracture occurs. (3) elongation per cent. is 
the quite arbitrary figure arrived at by fitting 
together the broken halves of a test-piece, 
finding the stretch which occurred up to the 
point of fracture, and expressing that elonga- 
tion as a percentage of the gauge length over 
which the measurement was made. The 
gauge length employed in this country is 
equal to four times the square root of the 
cross-sectional area of the test-piece. 

The limit of proportionality is worthy of 
mention as that stress at which the 
stress/strain curve departs from the straight 
line which it follows in obeying Hooke’s law. 

It is now necessary to consider what is 
meant by cold-work, and more important to 
the present subject, the effect of cold-work 
on the mechanical properties. Cold-work is 
the plastic deformation of a metal below that 
temperature at which the metal can 
re-crystallise, and is therefore not “cold” 
in the usual sense in that that this tempera- 
ture may be, say 200°C., but, as hereafter 
mentioned, it may be assumed to be room 
temperature. 

The connection between cold-work and 
mechanical properties, very broadly, is that 
with increased amounts of cold-work, the 
values of ultimate tensile stress, proof stress 
and limit of proportionality rise, and 
ductility, as assessed by elongation per cent., 
falls (see Fig. 2). It will be seen that if a 
metal is rolled or stretch-pressed up to the 
point of fracture, just before fracture the 
ultimate tensile stress, 0.1 per cent. proof 
stress and limit of proportionality rise to a 
maximum, whereas the elongation per cent. 
falls to zero. 


211 


) the 
Vel 
nised 
ider- 
f 
Ning 
blem 
‘ 
= 


45 7 


0." PROOF STRESS 
37:6 TONS /SQ.IN. 


LIMIT OF 
|__ PROPOPTIONALITY 


26 TONS wi 
20 


STRESS - TONS /SQ.IN. 


Af 
5 


002-004 -006 -008 
STRAIN 


Fig. 


The question at once arises as to why 
advantage is not taken of cold-working to 
raise the ultimate tensile stress, proof stress, 
and so on. The answer is that this is done, 
deliberately in some cases and, as it were, 
by accident in other cases. The deliberate 
use of cold-work is resorted to with DTD.213, 
an aluminium-manganese alloy; with pure 
aluminium which may be used 4 hard, ? 
hard, and so forth; and many other sheet 
materials, also with copper wire, and the like. 
The reason is that these materials, without 
cold-working, have low ultimate tensile 
stresses and high elongation per cent., and 
even when rolled, say ? hard, still possess 
elongations often in excess of 10 per cent. 

The second case then arises of “accidental” 
cold-work, and this occurs when a skin is 
stretch-pressed, or formed on the drop- 
hammer, or when a bend is given to a spar, 
or a section is rolled out of sheet. The 
primary object of these operations is to give 
the part a certain shape; the fact that they 
are also work-hardened to some degree is 
just a regrettable accident and, provided that 
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the part does not break in the operation, is 
disregarded by those concerned with stress 
and design, or if not exactly disregarded, is 
not taken into consideration in stressing the 
part, as being too incalculable in effect. 

Now here is the point to which the 
previous considerations lead. Why not 
deliberately utilise this cold-working to raise 
the mechanical properties? Two objections 
immediately spring to mind. The first is that 
elongation per cent. will drop to a danger- 
ously low value; the second is that the 
amount of cold-work required to produce a 
known increase in ultimate tensile stress, 
proof stress, and so on, without fracture, 
will be incalculable. A third is that danger- 
ous internal stresses will reside in parts thus 
treated. An attempt will be made to deal 
with these objections, and to show that they 
are not valid. 

First it must be said that elongation per 
cent., or ductility, has been made to seem too 
important. No one ever refused to fly a 


wooden aircraft because timber possesses no 
ductility. The elongation per cent. of a piece 
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of birch ply is nil. A question about elonga- 
tion might also be asked about the fancy 
adhesives now so popular for joining one 
piece to another. Castings are widely used 
with elongations called for by the relevant 
specifications of only a meagre 3 or 4 
per cent. When such a casting is replaced 
by a forging it becomes necessary to ask for 
8 or 10 per cent. elongation. Why? 

The second objection, that the raising of 
the ultimate tensile stress, proof stress, and 
so on, by cold-work is incalculable in effect, 
is more valid. However, it is only proposed 
to adopt this method on straight spars, 
boom and skins, where a_ straightforward 
controlled pull by stretching or rolling a 
uniform section is possible, and where a few 
initial tests would establish the gain to be 
expected in the properties dealt with earlier. 
In addition, since it is common prudence to 
subject all structurally important parts to a 
proving test, with test-pieces cut from each 
individual item, it should be possible to 
raise the ultimate tensile stress from, say, 
4l tons per sq. in. in the case of DTD.363, 


Fig. 


N 


to say, 44 tons/sq. in., with the consequent 
possibility of raising the specification mini- 
mum from 38 tons/sq. in. to, say, 42 
tons/sq. in. (see Fig. 3). Although it is not 
possible to estimate, on the basis of, tests 
already conducted, by how much the more 
important proof stress would be raised, it 
is considered that the gain would be much 
greater, say, from 37.6 to 40 tons/sq. in.; 
whereas the really more important still 
limit of proportionality, seldom determined, 
but in the author’s opinion the real criterion 
of structural stability, would be raised even 
more, from 26.0 to 39.5 tons/sq. in (see 
Fig. 2). 

It was no mistake that that most difficult 
of all materials, DTD.363a, was mentioned 
as being suitable for such treatment. Types 
of material considered suitable are:— 
DTD.363, DTD.364, DTD.687, DTD.546, in 
fact all the highest strength light alloys. It 
would be a waste of time to treat, say LI, 
by such a process, since higher strength 
could be obtained by a straightforward 
changeover to say, DTD.364, for the 
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component in question. Nor is it suggested 
that steels should be included, since the cold- 
working of the highest strength $.28 would 
hardly be considered a practical proposition. 
Moreover, steel nuts and bolts are already 
often subjected to this treatment, albeit 
unintentionally, by a muscle-bound operator 
with a spanner of uncontrolled length! 

The third objection is that such treatment 
would leave the metal in a condition of 
dangerous internal stress. This depends 
entirely at what stage the cold-working is 
performed and, the right moment is of vital 
importance. It should be done after the 
solution heat-treatment, but before the 
precipitation heat-treatment, since it has been 
shown by tests that the latter operation 
effectively relieves internal stresses. Two 
instances in support of this contention will 
be given. 

Many will remember the D.H. Hornet 
aircraft wing spar, in DTD.363a, which was 
solution heat-treated, bent through an angle, 
and then precipitation heat-treated. Some 
spars cracked after the bending operation 
and this was shown to be due to the danger- 
ous internal stresses induced by bending the 
spar after prolonged natural ageing due to 
the lapse of time between solution heat- 
treatment and manipulation. One such bend 
cracked with the report of a pistol shot on 
being accidentally touched, not kicked, by 
the author’s foot. The point is that no bent 
spar cracked after precipitation heat treat- 
ment. In passing, it may be added that the 
Vickers hardness in the region of the cold- 
worked and precipitation heat-treated bend 
was ‘of the order of 210 VPN; quite a 
hardness when it is considered that mild 
steel is only of the order of 150 VPN. 


The instance of the laboratory tests which 
demonstrated the stress-relief afforded by 
precipitation heat treatment was as follows: 
A large semi-circular ring, Spec. DTD.610, 
had been severely work-hardened due to the 
shifting of a bend line during rolling. A 
hack-saw cut along this bend line caused 
the two halves to spring apart about one 
quarter of an inch, over a cut distance of 3 
inches. After precipitation heat treatment 
the saw cut produced no relative movement 
at all. So much for dangerous residual 
stresses induced by cold-work. 

There are certain other points to which 
reference should be made, which touch upon 
the designer’s territory. It is agreed that 
where considerations of the stiffness of a 
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. BROWN 
DT.D. 363A 
TP, 
| 
Test Piece, TP: Fig. 3. 


Local reduction of area just before fracture, 
Ductility moderate. Elongation % =say 11.5%, 
U.T.S. calculated on original c/s area, say 4]3 
tons/sq. in. 

Smaller Test Piece, TP2, imagined machined from 

TPi, then: 

Test Piece, TP2 
Local reduction of area just before fracture js 
practically nil. _Ductility nil. Elongation 
zero. But U.T.S. calculated on “original” ¢/s 
area, say, 46.4 tons/sq. in.=breaking stress of 
TPi. 

U.T.S. raised from 41.3 to 46.4 tons/sq. in, 


component enter into the design, then the 
cold-working of heat-treatable alloys wil 
yield no benefit, since the Young’s modulus 
of elasticity will be unaltered by cold-work. 
It is also not certain how the fatigue strength 
of such cold-worked heat-treated alloys 
would be affected; it might be adversely 
influenced, for to the author’s knowledge 
no investigations have been conducted on the 
fatigue strength of heat-treatable alloys 
which have also been cold-worked. It is 
possible that such treatment would result in 
increased “ notch-sensitivity,” although it 
does not seem likely that this could be made 
worse than it is with the alloys under con- 
sideration. In any case, the most stringent 
precautions are already taken to deal with 
this aspect of the problem. 

As to the exact methods by which the 
designer woul: avail himself of the increased 
strength at his d’sposal by the adoption of 
this treatment, the author cannot hazard a 
guess. It does seem, however, that if the 
metallurgist can say “ Here is 42 tons/sq. in. 
where before you had only 38 tons/sq. in, 
and this is a guaranteed minimum, which 
may be proved with every structurally 
important component where the saving if 
weight will justify the increased difficulties 
of manufacture,” then an advance will have 
been made. 

It is not suggested that the time is now ripe 
for such an advance, because we may yet be 
presented with alloys of yet higher strength 
obtainable by heat-treatment alone, but the 
ideas put forward, however inadequately 
expressed, may serve as a basis for a further 
saving in weight when all other ingenuities 
have been exploited to the full. 
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REVIEW 


PHOTOELASTICITY. PRINCIPLES AND MeTHoDs. H. T. Jessop and F. C. Harris. 
Cleaver-Hume Press Ltd., London. 1949. £1 8s. Od. net. 184 pp. 
164 figures. Appendix. Index. 


In the past, the beginner in Photoelasticity had a limited choice of text books. 
The * Treatise,” by Coker and Filon, although admirable as a book of reference, 
is quite unsuitable as an introduction to the subject and many new developments 
have taken place since it was written. 

This new text book on Photoelasticity while giving the essential mathematical 
and optical theory, avoids unnecessary digressions and pursues undeviatingly its 
avowed purpose, namely, to provide a concise and readable introduction to the 
subject for the benefit of students and engineers. By relegating certain important 
mathematical discussions to an Appendix, the authors have succeeded in condensing 
and clarifying the more abstruse parts, such as the chapter on the Reduction and 
Interpreting of Observations. 

Perhaps the most instructive chapter in this book is that on the Photoelastic 
Bench, together with associated discussions in the Appendix regarding Quarter 
Wave Plates. 

Materials are dealt with somewhat briefly and the new American material, 
known as Fosterite, is not mentioned. This material has very good properties for 
the Stress Freezing Method. 

In a book of only 184 pages, it is to be expected that the treatment would be 
in places somewhat sketchy; so it seems rather a pity that the authors did not 
append a bibliography as a key to the very wide range of literature on the subject. 
Readers will have to depend on the help of more experienced fellow-workers for 
compiling their own bibliographies. 

The five actual examples analysed have been well chosen for illustrating the 
different analytical processes. The authors make no claim to fresh advances in 
theory or in technique. At the same time, in these days of devaluation, when the 
cost of American text books is well-nigh prohibitive, the book under review 
constitutes a clear and reliable authority for the use of British engineers and students 
on modern photoelasticity. It is fitting that two former colleagues of the late 
Professor Filon, one of whom is now carrying on the Photoelastic School instituted 
at University College, London, by that great pioneer, the late Professor E. G. 
Coker, should have undertaken the task.—W.A.P.F. 


CORRESPONDENCE 


RESISTANCE WIRE STRAIN GAUGES 


In the short but useful paper by J. G. Strong on “Resistance Wire Strain 
Gauges” (January 1950 JouRNAL), in his comments on gauge sensitivity the author 
states that “by all the laws of nature, and Poisson’s Ratio, the sensitivity factor 
should be about 1.6 for an average metal,” and mentions the fact that experience 
proves this figure to be usually seriously wrong. This appears to be the generally 
accepted view, departures from the calculated figure being accounted for by electro- 
metallurgical phenomenon not fully understood. It may, therefore, be of interest 
that in 1946 I obtained a different result by a slight modification of the conventional 
simple approach. This work was described in a paper that was submitted to the 
Aeronautical Research Council and recommended for publication as an R. and M, 
but which has not yet been published. 

The orthodox treatment of electric strain presupposes that the change of 
resistance corresponds solely to change of dimensions of the wire under tensile load. 
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CORRESPONDENCE 


Thus the resistance of a given wire under varying load is taken to be proportional 
to the length and inversely proportional to its cross-sectional area. This gives a 
value for the sensitivity coefficient which depends on Poisson’s ratio, but which for 
most materials used in strain gauges comes to about 1.6 as stated by Mr. Strong. 

In the alternative theory regard is paid to the fact that the material of the 
wire is not merely distorted but also undergoes a change in total volume. 
Contraction of the cross section on application of tensile load corresponds partly 
to flow of the material leading to increased length and partly to a 
direct contraction of the material. It is then argued that the mere closing 
together of the fibres of the wire without associated change in length is unlikely 
to change the resistance. Thus resistance is taken to be proportional to length as 
before, but inversely proportional to mass per unit length instead of inversely 
proportional to cross-sectional area. On this basis the sensitivity coefficient is 
found to be 2.0 and to be independent of Poisson’s ratio. 

The interesting point about this alternative theory is that while being practically 
as simple, and at least as logical, as that which it is intended to supersede, it gives 
a result that is approximately correct for most materials in general use for strain 
gauge work, and in particular for the materials mentioned by Mr. Strong—Eureka, 
Brightray and Nichrome. 

It may be of interest to note that this work was done in connection with 
another aspect of strain gauge work, namely measurement of pressure. When the 
two theories are applied to obtain change of resistance under fluid pressure results 
are obtained which are not merely different numerically but are of opposite sign. A 
few experiments which have been made suggest that the alternative theory is 
approximately correct in this case also, for materials in the class mentioned, although 
the conventional theory breaks down completely. 


P. B. Walker, Fellow. 
Mr. STRONG’S REPLY 


Dr. Walker’s letter is most interesting and invites careful attention. It 
emphasises that there may be other ways of reconciling theoretically-calculated 
strain gauge sensitivity coefficients with the wide range of factors obtained in 
practice. The significant point of Dr. Walker’s contribution, I feel, is that he tackles 
a resistance formula which has been regarded from long usage as almost a dogma. 
The expression that resistance is proportional to length and inversely proportional 
to the mass per unit length requires to stand close scrutiny, involving as it does a 
change in the dimensions of specific resistivity. Since, however, it has had some 
success it may tempt others to follow what looks like a promising line of thought. 

Even so I doubt if we shall be able to predict values readily, particularly 
negative ones, which will fit the entire field of possible alloys unless we break it 
down to constants common to clectro and physical metallurgy. 

It is generally accepted that although an alloy resistance wire may consist of a 
heterogeneous mixture of polyhedral crystal lattices, with various dispositions of 
their atomic nuclei, under strain the individual displacement of nuclei centres up 
to the proportional limit is related closely to the average strain movement of the 
entire mass. Its electrical resistivity, which is the reciprocal of conductivity, is not 
so simply explained, although it is known that the source of the phenomenon lies in 
the transfer of valence electrons. 

The electrical resistance change AR might be expected to depend partly on the 
geometrical movement which alters the mean free path through the transparent 
portions of the lattice, and partly on whether the added distortion is sufficient to 
disturb the energy levels at which electron transfer takes place. At the crystal 
boundaries there will be overlapping of neighbouring energy troughs, and I suggest 
that it is on the degree of overlapping, and upon whether adjacent troughs are 
deep or shallow, that the percentage change of resistance will depend for a given 
mechanical strain. 

J. G. Strong, Associate Fellow. 
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